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INTRODUCTION 

* Social arijl cultural • changes pver ^the past decade T or so have 
resulted in a widespread concern about the direction of public education 
in America. Questions about What knowledge isTimportant to teach, and 
for what reasons, are asked' in a variety of ways. Included in recent 
social' 6hanges is the extent to which science, technology, and^ society 
have 'become interactive iri influencing life and living in the United 
States. Public- attitudes toward schooling and toward science and tech- 
nology have implications for the teaching of science. During this, 
recent period of rapid social change and shifts in perspectives about 
science and technology, an awareness of educational deficiency ,in the 
early adolescent has also emerged. The early 7 adolescent is in the 

'school age group where a reformulation of science education is most 
likely to be immediately effective', ffsseatial to tha^revitalization of ' 
the curriculum, is 'the need to consider shifts in social conditions-, 
emerging 'cultural values, and -the impact of achievement in science and, 
technology om personal and social living^ 

The' middle school afid . the -junior high school are * two specially 
organized administrative units for educating, early^adole^cents. v These 
uriits are considered as secondary schools by some, as elementary by 
others, and as schools-in-between by .still others. In-general, there is 
jio" unique preparation for educators in these schools; some were trained t 
to be elementary educators, and some, scondary. Few programs exist for' 
the education of professionals in these ^schools. 'Data collected by the 
National Center for* Educational Statistics do .not. treat these schools..as 
separate educational levels. Much of what is kjiown about- middle and * 
junior, hi^h schools hc*s been extrapolated from data on^ elemerftary or 
secondary schools. » 



Rationale " 

** ? o Before modifications in the Science curriculum*' can reasonably b^ 
undertaken, there is need for a systematic study of the current status 
of science teaching in the middle ang junior high schools of the United 
States/* We assumed at" hh£ onset of the\study that most status surveys 
are./too limited in^scope to be useful in making policy decisions in 
♦education. * Therefore, we planned a comprehensive study to include" 
demographic,, information . on students, teachers, teaching conditions, 
.sghool facilities,* learning resources, and related topics; the nature of 4 
"the school science curriculum as repealed iri an analysis, of widely used 



textbooks; philosophical" assumptions including middle school education; 
and empirical studies on early adolescent development and learning. We 
also felt it was necessary to investigate the perceptions people hold of 
conditions that have fo.stered. the notion of a "crisis in science educa- 
tion." It was apparent that part of the crisis in science education had 
its roots in ithe emerging science/technology/ society paradigm of the 
scientific enterprise in the United States: 'This led us, within the 
limits oi time available, to study the implication of these new perspec- 
tives for the teaching of science. \ 

At every phase of the study and for every recommendation emerging 
from our endeavors, we assumed there must be some empirical basis, 
or consensus for ea6h derived statment, whether' quantitative' or 
qualitative. 



Purpose of the Study. . 

« 

The purpose of this study was to determine the status of science 
teaching in middle and junior 'high schools in the United States. ' For 
most of the study (the exceptions are discussed), two periods, 1965-1970 
and 1975-1980, were used as time 'boundaries for the_ literature to be 
reviewed. Analyses and syntheses of - publications from several data 
bases were prepared. The resulting report describes the history and 
current status of science teaching in middle and junior- high schools and 
includes recommendations for the eighties and beyond. 

. In the ■ preparation of this Volume Two , Technical Report , all 
relevant data' from .all sources were anal-yzed. These' anlyses . form the 
basis for the various sections of the report. "Bach section is supported 
by a Reference List and a Bibliography. The statements .in Volume One, 
Summary Report (1) are a qualitative representation of the data~for 
•each major category of information in Volume Two . The summaries are" 
intended to be a description of a situation that exists,' not an 'inter- 
pretation of that situation. 



Organization of the St 




The data base for 4;he section on The Middle SchcJt i ncluded text- 

ionales, progr 



s 

books and general writings about the goals., rationales^ programs, and 
instructional strategies .of middle and junior high schools. It also 
included papers from general educational journals for the time periods 
1965-1970 and 1975-1980, as well as journals of professional educational 
organizations, „ such as the National Association' of Secondary School 
Principals and the National Middle School Association. Common descrip- 
tions of goalg, functions, criticisms, advantages, and character istics 
were identified. Summary .statements based on these' common descriptions 
were made. Many mqre references were used than those noted specifically 



in the text. The additional resources are listed in the Bibliography of 

this section. *^ . 

* 

The next section covers ttie status of science education in middle 
and junior high schools, 1965-1970 apd 1975-1980, and- considers reports 
prepared by committees, professional groups, and major studies. The 
principil information sources f of „ the earlier period were the USOE 
survey of junior . high schpoj. science and the ERIC/SMEAC survey of 
science teaching . inj^ public schools. For the 1975-1980 period, the 
primary* sources of information were the three NSF-funded status studies 
of precollege science education " and the results of the 1978~National 
Assessment of Educational Progress in science for ;13-year-.olds. , 

^ Each report was analyzed, topic by topic, and the information was 
coded. Where possible, . quantitative information wlas recorded. Qualita- 
tive statements* 'were briefed and' coded, preserving as far aa possible 
the wording' found in the source. ' Categories^ of information,* such as 
teacher characteristics,, laboratory procedures, or course offerings, 
presented in this study are products of the* availble data and were notv 
preconceived. The amount of information in each category reflected the 
available data. The researchers- responsible for the primary investiga T 
tions had different purposes for obtaining the information found 'in 
their studies; any overlaps were' fortuitous. 

The next* section reports analyses of texts 'and text programs used 
in middle and junior high schools), The Repogts \of the 1977 National 
Survey of Science , Mathematics ^ arid Social Science Education (2) served^ 
as «ie major •sourge of data on the most 'widely used classroom materials 
during the 1975-1980 time period. From the Weiss study, the 12 most 
widely us^jl programs for these categories were selected for analysis/ 

The 12 programs were purchased and the actual published materials 
were examined, during the analysis- phase* They were analyzed for sight 
variables: science content; goals, objectives, and intents; teaching7 
and^learning styles; evaluatioh devices; career emphapis; science/tech- 
nology/society emphasis; nature of student activities; and any changes 
in the programs since the 1965-1970 time period. The specific methodol- 
ogies for evaluating the eight variables are described in the ^ction, 
"Analysis of Middle and Junior High School Science, Programs. n 

*r ' ••**'* 

The empirical base for the analysis of research in science educa*- 
tion in middle and junior high schools appears to , be voluminous; 
Unfortunately, many studies conducted with sixths seventh, eighth, and 
ninth graders do not include a school context^ Initial bibliographies 
were developed by searches through DIALOG, using the ERIC and PSYCINFO 
data bases. Further searches used bibliographies prepared by the ERIC 
Clearinghouse for Science, Mathematics, and Environmental Education on 
research studies of science education in middle^ and junibr high- schools 
and in grades five through rtine. 



A bibliography of doctoral dissertations in science education (3) 
was used to develop categories for grouping research studies fbr analy- 
sis. These Categories were then ordered in terms of priority for 
analysis ^and synthesis. Two topics "were selected: analysis of texts 
and inquiry. ^These topics were selected because of the predominance of 
the use of texts as the curriculum in middle and junior high schools and 
because of the lack. of inquiry used in classrpoms. 

; Additional computer searches, through DIALOG wjth the ERIC and 
PSYCINFO data bases; were conducted to produce the final bibliographies 
from *foich the reviews^ wer'e, prepared. Complete documents were used when 
they could be obtained in paper, microfilm, or microfiche format. 

#8? 

The projective synthesis was developed fronr-a data base of reports 
by presidential Commissions, government ageftcies, professional organiza- 
tions, and special task forces. ffll of the publications -used for this 
synthesis were the work Sf groups, ^usually widely representative, who 
were concerned with schoolirtg in general or with science education in 
particular. The reports were generally the product of deliberation and 
consensus. They are* all reports judged^ by the investigators to have 
raised significant issues that provide a basis for planning precollege 
science education, particularly ' science education in middle Ifed junior 
hjlcfh schools. ^ ^ 

This study also considered several papers (4,5,6) on methodological 
issues relevant to the task of analyzing the Synthesizing research 
studies. The investigators applied many suggestions made in these 
papers, but take full responsibility for the application of the proce- 
dures in this work. * 
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SECTION' I THE MIDDLE SCHOOL, ITS PHILOSOPHY AND RATIONALE 



CHAPTER 1 
THE MIDDLE SCHOOL 



Origins 



School organization and it£ effect on students -and the learning 
process have been discussed for almost a hundred years* At the end of 
the nineteenth century, educators sought to eliminate the 8-4 program in 
favor of the six-£fefcr secondary program (6-6). Tbey believed that the 
secondary school program should begin in the^seventh grade an<d continue 
through the twelfth gsade without a break in* continuity. - Such thinking 
among, the educators of the late nineteenth century originated with 
President Charles tf. Eliot of Harvard University who was concerned about 
the rising age of admission to Harvard. In 1892, while addressing the 
meeting of the ttatipnal Education Association, he recommeaded shortening 
the , program of the elementary, school. His address resulted in the 
appointment of the Committee .of Ten on Secondary School Studies by p the . 
National Education Association. 

' • • 

In 1893, this group recommended an introduction f to secondary school « 
subjects prior to .grade nine*. The Committee of Tenitwas followed by 
several other committees who looked at the the organization of 
elementary and ° secondary • education. % * For ' tfiree decades, leading 
educators expressed the need for a unified program *of*. elementary and 
secondary education, the improvement of teaching methods, ' and the 
questjoff of when certain secondary, school subjects should be 
introduced. Speaking at a conference in 1902, John Dewey also supported, 
the six-year elementary/six-year secondary school program; 

<. * . * 

The 6-3-3^ plan . came- into being in 1909-10 when schools including 
only grades 7, 8* and 9 were initiated in Columbus, Ohio and Berkeley, 
California. GA§tanley Hall's volumes on the psychology of adolescence 
in 1905 and V^veral— "drop-but 5 - studies carri§d fc out £rom 1907 to 1911 
*(1,2) helped 'bring about this change * in educational organizatifcn. 
Following this beginning, the reorganization of elementary and secondary 
education *into* the 6-3-3 structure proceeded rapidly in many other 
cities. * 

How Was- a junior high school defined during this period of time? ,A 
1919 Bulletin of the North Central Association defined a junior high 
school as one in which grades 7, 8, and*9 Were segregated in a buildjlng 
by themselves* The Junior high school had an Organization and 
administration distinct from, the grades above and below it, and classes 



) 



were- taught by a separate group of teachers.' The recommended 
characteristics of such schools were (3) : * 

1. A program of studies decidedly greater in scope and richness 
of contervt than that of the traditional elementary school 

2. Some pupil choice of studies, elected under supervision 

3. M Departmental teaching ^ - 

4. Promotion by ^subject * ' 

5. Provision for testing out individual aptitudes/in academic, 
. prevocational, and vocational, work . 

6. Some recognition of" £he peculiar needs of the retarded pupil 
of adolescent age, as well as special consideration of the 
supernormal ^ 

7. Some recognition of the plan,of -supervised- study 

» V, , - 

. Two aspects of the early junior high school became pillars of the 
movement. These were .the concept of the junior high school- as an 
integral part of secondary education, and 'the concept that "the unique 
needs of early adolescents create a need for a~ special' transitional 
school (4,5,6). Along with this growing stress on the centrality of 
•needs of the early adolescent was an emerging emphasis on guidance as "a 
necessary Aspect of education at this' level (7,8). ' 

'The term "junior high school" was first us~ed to designate - the 
Indianola Junior- High School in Columbus, Ohio, in 1909. By 19 re, 'this 
term was being used, more than: any other with the 'term "intermediate 
school" second in popularity .(9). Douglass concluded that the terms 
meant the same thing. - ' •. , — 

By the. 1920s, -the purposes and functions of the junior Wiiqh school 
included the? following (4,10,11): . . ' 

i . ' • ' 

1. To provide a 'gradual transition from, the elementary school to 
* the secondary schoo^ 

2. To exercise avoiding power' function and reduce the number of 
dr6p-outs" . ' * , ' 

- - 3. To help youth understand the nature of the society of which- 
they are a part - "~~ . * * 

4. To jprovide an exploration period for youth so they can 
discover their capacities, interests, and aptitudes 

5. To assist; pupils to make the -fullest adjustment for' 
seif-realization and service to society 

6". To provide vocational career ( preparation • - * 
7. To provide a unique school that can provide, for the needs of 
early adolescence 

In 1920, .Briggs estimated that there were more ' than 800 junior 
high sdhools in the United states. At the same time; he reported con- 
siderable confusion among professional educators as to what an inter- 
mediate or junior high school is< or ought to be (10)v ', 

, • ' * » 

A national survey of secondary education in . 1930 found 1,787 
separately housed junior high schools' in. the country. Yet,- in spite of 
the rapid numerical increase, attacks on the intermediate unit 'of . 



schooling, came from different sectors of professional education. Educa- 
tional journals of the 1920s and 1930s were, filled with discussions 
about the legitimacy of this type of organizational structure 
(12,13,14). . 

In 1940 , William Gruhn and Harl Douglas developed a statement of, 
funptions for the junior high school based on' statements of various 
study -committees during the reorganization movement * and statements of 
functions formulated by educational leaders in secondary education from 
1910 to 1940. Their statement was then modified by 12 leaders in junior 
high school education. The Grqhn and Douglas statement has become a 
^classical definition of the rationale* for the junior high school. It is' 
cited in most junior high school and some middle schfcol textbooks still 
'infuse as a widely accepted statement of functions (15,16,17,18,19). 
The 1940 statement was modified iq 1970 to include further developments 
in the thinking of educators about the philosophy of junior high school 
education. Thfe six * functions, however, were the same 'in 1'970 as , they . 
were in 1940. j This 1970 version is~ as follows (20:75,76): 

* y * 

Functions of the 'Junior High School 

Function 'I: ' Integration . To provide learning experiences 
, in which pupils-may use the skills, attitudes, interests, ideals, 
t 1 and understandings previously acquired in such a way that they will 
become coordinated and integrated into effective .and wholesome 
pupil behavior. * . 

- To , provide for all pupils a broad, general, and common 
education in the * basic knowledges and skills which will lead to 
whQlesome well-integrated behavior, attitudes, interests, ideals, 
and understandings. 1 j 

To • provide for effective correlation among the -studies, 
learning activities, and extra class activities of the total 
program of education. 
/ * ' « 

Function II: Exploration * To lead pupils to discover ^nd 
explore .their specialized interests", aptitudes, and abilities as a 
basis for decisions regardihg educational opportunities. 

- To lead^^>ils 1 to discover arid • explore their ■ specialized 
interests, *apt itu< tes, and abilities as a bateis for present and 
future vocatiohal decisions. 

* • . d - 

To stimulate pupils and provide opportunities for them to 
develop a continually widening range of cultural, social; civic, 
avocational, and recreational interests.- >. • , , 

To help pupils identify interests*iij School which will provide 
* motivation for them to continue their formal education and to 
participate in educational activities that* are appropriate for 
/tljelr individual growth and development. . - 

• ' 13 



Function III; Guidance , To assist pupils to make 
intelligent decisions regarding present educational activities and 
opportunities and to prepare them to make future educational 
decisions • *' 

T9 assist ^ pupils to make intelligent decisions regarding 
present* vocational opportunities and to prepare them to make future 
vocational decisions. • 

i 

To assist pupils to jnake satisfactory mental, emotional/ and 
social adjustments- in their growth toward wholesome, well-adjusted 
personalities. 

To stimulate and prepare, pupils to participate as effectively 
as possible in learning activities so that they may reach the 
fullest development of their individual interests and talents. 

Function IV: Differentiation . To provide differentiated 
educational facilities and opportunities suited to the varying 
backgrounds, interests, aptitudes, abilities, '"personalities-, and 
needs' of pupils, in order that each pupil may realize most 
economically and completely the ultimate aims of education.^ 

. 

To provide learning activities in all areas of the educational 
program which will be challenging, satisfying, and at a level of 
achievement appropriate for pupils of different -backgrounds, 
interest, abilities, and needs. " & 

• « * • 

Function V: Socialization, To provide increasingly for 

learning experiences which will prepare pupils t^ participate in 

and contribute to our present complex society and help them adjust 

to future developments in that society. 

To provide learning experiences which will prepare pupils for 
effective and satisfying participation as responsible citizens in 
our democratic society, both at their present level of maturity 
and, later, as adult citizens. ^ 

To provide learning experiences which will prepare pupils for 
participation in an effective and mature manner iir the activities 
of young adolescents and, later, as older adolescents and adults. 
To help pupils appreciate, understand, and function effectively in 
a society in which there are individuals, with different interests, * 
abilities, backgrounds, and educational and vocational goals. 

Function VI: Articulation^ To provide a 'gradual transition 
from preadQlescent education to an educational program suited to 
the needs and interests of adolescent boys and girls. 

To help pupils Require, backgrounds and 'skills which will* 
prepare them to participate effectively in the educational 
activities aad program at their present school level and, later,, in 
the upper secondary school, post-secondary schools, and adult life. 
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During the period between World War I and World War'll, junior high 
Schools became the answer tp space prpblems, ^relieving the overcrowded 
<jonditions of elementary and high school bullrings. Because many junior 
high 'School teachers. Were trained 4 to teach in senior high schools and 
desired to become, stenibr hi,gh*school teachers, the junior high school 
began to live^up to its name of being a, "junior" edition of the senior 
high school. Many, of its original goals and* functions , although stated 
well in textbooks, were/ignored or forgotten in actual practice. 



Criticisms 'of the Junior High School 4 

■ ■ - • ■ • • y •< % k - . • , 

Growth in the number of junior hjLtfh schools continued to i960. In 
that yeai> f .the Educational Research* Council of Greater Cleveland marked 
the Golden Anniversary of the*' first ^junior high school. ' In reporting 
that conference',' the' New York Timos states, "The 'fiftieth anniversary of 
the junior high school in America^ has found considerable criticism 
focused, on the 'stepchild 1 of public education. William T. Gruhn, one 
of the principals on the program t>f, . that conference, -enumerated the 
following critical problems and needs, (21): „ \ - • 

* ■ . 

1. There -is serious* shortage oj qualified talent for positions of 
professional leadership in the junior high school.,. 

2. There is a serious shortage of x teachers prepared for teaching 
in the junior high t school. .r. 

"3. The curriculum must be reexamined ' and priorities* must be 
established concefhing what should be taught. 

4. The- influence of college entrance requirements, merit 
scholarship examinations , and similar programs must be 
examined. 4 f 

5. There must be more agreement « on, the "essential purpose" that- 
the junior high is to serve. • * ' - 

Why was the junior high school in such* trouble as an educational 
institution by I960?' According to many educational experts, the problem 
was not with the "junior high school' dream" or its goals but with the 
implementing organization (18,19,22,23) . The name, "junior" .high 
school, which implied a scaled-down version of £ "senior" counterpart, 
ha<3* come undec attack (15,24).^ The junior high school had become a 
miotic of the 'senior hi£h <scfiool, complete with varsity athletic teams, 
marching bands, proms, graduation exercises — all deemed inappropriate 
foi; s.ewenth-, eighth-, an<3 hinth-graders (25,26,27). Other limitations 
cited by$ critics of the junior high school were: 

1. Th^ jun|pr high school often fails to meet" the special needs 
of o many ^sfauQents and consequently drives them away from school 
rather than easing their. transition from elementary to senior high 
(15,16,28,2?). 

2. The junior high , school Qften offers its students a program of 
studies thai:- parallels that of the high school and limits students 
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in*jL/r t°-^ n CeS ifc C ° meS t0 ex P lorl ng ^rious areas" of 

ln F eres t. Llt tle relationship between subjects is found (24). , 

' 4 3. The junior high of ten . places ' too 'much emphasis on competitive 
\ part lclpation in athleti^ and social activities. rt P K 

• * < • 225 ii t0 ™ eaSure u ? fc ° an which at e&eir age may be 

emotionally dangerous (16,25). . Y * 

'* ' '* IducationS h l gh 11 SCho ° 1 often- fails to provide student with' 

• creat^HL f^l^ , e ^ ivalent to their present, level of 
«eative and intellectual development. There is little opportunity 
to develop individual responsibility. Students are essentiaUv 

. , Passive recipients of knowledge dispensed by teachers (29) 

* " 2* »4 h«f ? aCt that lfc houSes ninth along with seventh 

and eighth grade. students under the same .roof (26,30,31). 

The junior* high school alienates students from successful' 
educational achievement (15), - There is a tendency "in some "unior , 
high schools to make a program ;hard for the sake of being hard 
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7. The granting of Carnegie unit credits in grade 9 is a problem The 
• * nian £Z5 ^ * ither acce P fc fc 'he Carnegie- credits of the junior 

' - ' g a'de 9 (i5 0 24t ttemP T t t0 ff COntro1 the of these credos in 

? 7 . 9 fl5 ' 24 >- ^ effect; the high school princinal has a ' 
• decision-making control over a school uiit for which anoth.V 
. administrator is responsible (17). another 

8 * ' ^n*-r^\ Ch ". aS ^ ned to teach in jujiior^igh scttool often 
contributes to the problems, of the school. Few teacher education 

' ?rom ra r h % ai , fferent r te ^ P"P arati - ^r 'junior h% h teac ers 
tlZ^X f sl g ned . s ^ifically for . elementary ot high school 

t"he ip n y 3 r i0r hi9h SCh001 teachers lack understanding It ' 
TLuilJ ? ^ i tS ne6dS - SOmetime ^ junior high staff "ate 
reoruitej|. f rom dissatisfied /or unsuccessful teacher's 

~ 3 n 3, "T " T^" 8 • " high6C * thiS W tSn hB l y * 
1 a hV«hir f :i 3> lu S ° fte areaS ' . high sch00 ^ teachers are paid on 

th c 9 . / le than element ary or intermediate -school teasers 

seen as a ste* T°* Juni ° r high schOQl *2S£Tu - 

\ !!• stepping stone to a higher salaried and/or more 

prestigious senior high^ school teaching position (19,32)-. 

9 * distil P r ° blem /^sts with administrators. In many school / 
districts high school principals are paid- «t a better ratC than 
Dunior high school principals.. Commitment' to IiSS^JTw 

• " SfS °2/ n S a l lifetime - career Position is hard to cole by wneJ 

differential salary schedules exist (19) . • - Y - 

generllV^Ue'vi'toT ^ high 38 ^ itia11 * COnceived -s 

generally believed to be appropriate , by professional educators- th* 

failure was one of practiie" (15). Th e middle school ^^termJll . 
O '12 
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a. protest against the program, not against the concept of the junior 
high school (34).- " 



* ^ The Emergence of the Middle School 

Although the junior' high school continued to be \mder fire, no 
specific alternative structure was' proposed until the early 1960s. At 
that time, Dr. William Alexander revived the term "middle school, " which 
was being used in some private American schools and had been long 
"dsed in European schools. He and other educators began to give the term 
a set of educational attributes ~(35),. - Conant (36) in his 
"recommendations for education in ^fie junior high school, years" made 
a number of suggestions to school .boards- for improving junior high 
school education. 'They included: ^ 

t 

1. No matter what the particular organizational pattern, grades 7 
and 8 should, reflect the transitional nature of*>pupils in this 
age group. 

2. English, social studies, math, and science should be required 
course^ for all -pupils in grades 7 and 8. 

' 3. English and social studies shoulB be taught in x a block time 
1 + program in grade 7. 

4* Instruction should* be- intellectually challenging to all 
pupils*. 

5. The junior high^ school % should have a strong 'guidance and 
i testing prdgram. 

•<6. The junior high school should not be a replica of the' senior 
high school; there should be no marching bands, scholastic 
~ athletids; or graduation ceremonies. 

.What led to the emergence of the American middle school? Several 
factors have> been identified. First, the late 1950s and early 1960s 
were filled with many criticisms of American schools.- A variety of 
books about education in general triggered new concerns about the 
quality of schooling (37,38,39,40,41,42). The successful launching' of 
Sputnik in* 195*7 led to certain types of criticism about school 
curricula.* ' Academic' achievement, particularly in mathematics, science, 
and foreign languages became an obsession. Renewed interest in. college 
preparation led to a call for a four-year high school where specialized 
courses in mathematics and science could occur. Interest grew in 
including grades 5. and 6 in an intermediate program that promised to 
strengthen instruction by allowing subject specialists to work with 
youi^jer students. Many bf the first middle schools were organized to 
indl&de both graces 5 and 6.* 

The 1 work of Jean Pi^get ' (43) in cognitive development and of 
J. M* 'Tanner (44) in physical^development, among others, gave rise to 
renewed interest on the part of educators in the developmental 
characteristics of 10- to 14-year-olds. Onp of jihe major philosophical 
foundations of the emerging middle school movement * came to be the 
recognized need to develop a unique educational program for both the 
»** * ' ^ 
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• preadolescent and the early adolescent, based on the many "physical, 
cognitive, social, and emotional changes that occur in this age span: 

Another factor leading -to middle school formation was the desire to 
help eliminate . racial segregation (45,46,47). In the larger cities such 
as New York, elimination of de-facto segregation was a real force behind 
. the , early middle school movement (25,48,49). ♦ *. 

, • Increased enrollment of school-aged children was another contrib- 
uting factor (45, 46). A shortage of buildings resulted in double a^d 
sometimes triple sessions in some schpol distrTcts. Because it was 
believed that older students were better able to cope with overcrowding 
than younger students, the ninth grade was moved .to the- high school to 
relieve the overcrowded junior nigh school. The sa\e rationale was used 
to relieve the crowded elementary school by moving the fifth and sixth 
grade to the junior high school. 

Another^ factor was the "bandwagon effect" (45,46). When middle 
schools received favorable, publicity in periodicals and conferences, 
some, administrators decided that the middle school was an educational* 
innovation worth pursuing. •. ' 

The desire to facilitate educational change and improve educational 
practices- was Another factor. More rapid and comprehensive change can 
often be . effected by creating a new institution rather than by 
attempting to r^do an existing one., Teachers and administrator's in a 
new school freeAfrom the constraints and traditions of an' existing 
school often are \more. receptive, to new ideas (45,50). A new middle 
school can provia e \ a" catalyst for change and a- means to better articu- 
late the total K-12 program (36). 



• i - 
Philosophy and Rationale fdfc Junior High/Middle Schools 

in the 1960s and 1970s 

< - > : * 

In ^1965, Alexander, and Williams proposed weight guidelines for a 
model middle schdol (51) . ' In brief, these guidelines are as follows: 

1. . A "real" or model middle school should be designed to meet the 

needs of Qlder children, pteadolescents, ' and early 
adolescents. 

2. such a school should make *a reality of ■' individualized 
instruction. 

* 3. 'A high priority should be given to 'the intellectual components 

of the curriculum. • * 

4. Primary emphasis should be given t6 the-skilla of continued 
learning, inquiry and the discovery methods/ and 'learning how 
to learn. 

5. ' Many exploratory experiences should be provided. 

6. The health and physical education 'program should be 
specifically designed fop the age group. . * . « 

• 7. A values emphasis should underlie all aspects of the program. ~ 
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8.' Teachers in the middle school need special competencies to 
work effectively* with this group of students. 

These, guidelines are in many ways quite^imilar to the functions of 'a 
junior- high school articulated by Gruhn ^md Douglas (20,52). The junior 
ftigh statement does, hpwever , include a much stronger statement about 
vocational preparation and has a "preparing for the future" thread* 
throughout it that is not present in Williams and Alexander's 
guidelines. 

* * 

In the 1960s an ^educational philosophy for junior high/middle 
schools was articulated by Bossing and Cramer as well as other educa- 
tional experts. It included these components: 

1. B^.ief in the* dignity and- worth of 4ach student as a person with 
infferent rights to the fulfillment of her or his intellectual, 
social, and physical capacities (53). It was " becoming widely 
recognized that the differences in any age group of 10- to 14-year- 
olds were tremendous (20,34,54). 

2. Belief* that students should be able to complete successfully the 
work of the school (53). In order to make that possible%bthe' 
curriculum requires flexibility i& content, .methods, ™and 
instructional materials (20,54). 

3. Belief that the growth patterns of the early adolescent are 
predictive and different fr<5m those of older and younger students, 
and that, because of thi.s, a separate school environment and 

• instructional techniques are essential (53). 

4* Belief that children and youth require intensive guidance and 
nurturance during this phase 6f growth (20,53). 

5. Belief that educators have a responsibility to attempt tp 
- understand student responses to learning experience?. This 

involves recognition of the multiple influences of out-o % f-school 
life situations that may be potentially stressful (53) . 

6. Belief that staff members . should have an understanding of early 
adolescent growth and development and its impact or) learning 'and 
that they, also should have a genuine liki'ng and concern for Jbtfeir 
students (53) . % 

s \ > . 

7. Belief that development of the fundamental skills and knowledge 
begun In elementary school should be continued in. a functional way 
(20). 

V • ^ . • •* - 

8* I3elief v that the curriculum should offer many ways for students to 

? develop new interests and explore new areas of knowledge (20). 

9. Belief that the curriculum should include general education for 
all, but also provide -opportunities for some students to b'egin 
specialized study that may relate 'to future educational , 

— : vocational! ^ncjk-avocational interests— (20} 



10. Belief that students should have opportunities to develop skills of 
effective citizenship through study and experience (20). 



m'* > .Advantages of the Middle Schodl 

• Proponents of middle schools have identified a variety of advan- 0 

tages of middle schools as, compared to junior high schools.^ These 

advantages have bfen used as part of the rationale for initiating itffcddle 
school units. These perceived advantages .are: 

4 ^ v . 

1. ' The middle school unit has a status of its own ratfi^r . than a" 
< "junior" classification. It is not a preparation for something 

else, Ii^it, learning ip for her$ and now, for personal need, not; ' 
for n . someday" (30,35,55). M 

2. The middle school facilitates the introduction of some subject " 
specialization into grades 5 and 6 (24,30,35,56). ' ^/ 

»* * 

3. The middle school * facilitates the reorganization bf '-teacher 
education, which is, sorely needed to provide competent teachers for 
the "middle schools. Since existing patterns of elementary and 
secondary teacher education would not suffice, a new pattern had to 
be developed '(30,35,56,57). , . 

4. Developmentally, children and early adolescents in grades 6 to 8 
are more alike^thpn children and early adolescents in grades 7 to 9 
(30,34). Because of earlier physical maturation, ninth-graders are 
now more like tenth-, to twelf ti^graders tharu they were several 
decades ago (34). Since they are undergoing a common experience of 
moving from childhood into adolescence, sixth- to eighth-graders 
should have special attention, i They should have special teachers 

; n and special programs, which middle school ,reorganizati6n helps 
\ facilitate, (30,58,59). . . • 

5. Middle schools provide an opportunity for gradual change f£om the 
se x 3^f -contained classroom of the elementary school to the complete 
departmentalization of the high school (30,58,60,61). 

6. / Middle schools permit the organization of a program that has an 

emphasis on continuation and enrichment of basic education in the 
fundamentals (30,62). 

7. Middle school organization facilitates extending guidance services 
. to' younger students (30). A close relationship with one or more 
*' teachers, as well as the provision of professional counselors, will 

aid students in weathering, the changes ^nd conflicts typical of 
• early adolescence (63). 

8. Middle . school organization helps to slow down the process of 
••growing up" by the' removal of the older students typically found" * 
in a junior high school (30,59). 
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9. Middle school organization can be structured to bring together, 
children and youth from differing neighborhoods, '^iding their v 
sociological, development: earlier than in a junior high school 
organization (30*57,59). „ * . 

10j The physical unification, of grades* 9 to 12 permits better 
coordination of courses for the senior high school (30r63-}> It, 
also facilitates more curricular experimentation for the middle 
school /57). It eliminates the possibility that some students and^ 
parents may not be aware qf the importance of the ninth grade as 
part of the senior high school record in terms of college admission 
(30). ' It eliminates the need foe Special programs and equipnfent 
* for one grade (ninth) (30). . ' 

11. ' " Fewer. -discipline problems are present when eighth- .and ninth- 

graders are not together (30 f 31). ** 

12. Reorganization of the grade structure enhances tJfie-^>ossibility that 
innovation 5 may take place more Readily (65). It ^ makes 
possible more educational innovation (59). f • * 

Bondi makes the' following comparison between the emphases of the 
middle school and of the junior high sphool [46:13): , : . 



V 

Middle School Emphasizes : 

A child-centered prograrti 

Learning how to learn 

Creative exploration 

Belief in oneself 

Student self-di recti on under 
expert guidance * 

Student responsibility for 
' 'learning 

Student independence 

Flexible scheduling 

Student planning in 
^scliedullng 

Variable .group sizes 

Team teaching 

A self-pacing approach 

: 1 -/ * 



Junior High School Emphasizes i 

-A subject-centered program . 

Learning- a body of .information 

Mastery of concepts and skills 

Competition with others 

"Adherence to the teacher-made 
v lesson plan 

' Teacher responsibility for 
student l^nvinjL ^ 

Teacher cofa$&^ 

The six-perWd day 

The princij5ai-made school 

1 Standard classrooms 

One - teacher f a xlass 

r 

A textbook approach, with all 
students on the same page at 
o the, same time (44:13) 
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• « Characteristics of a Middle School 

Many different types of middle schools have developed over the' past 
20 years. ^ Today, many middle -school experts suggest;, that this 
diversity, individuality, and uniqueness ife part of the strength of J 
middle school movement (34,66,671 " There ire, however, some commofo 
agreed upon characteristics possessed by. "real middle school^" ~i-. e . , 
those that are more than a name. A middle school is one that has: 
. - e ? 

1. A program that has-been specifically designed to meet the physical", 
intellectual, e social, and emotional needs of the pre- and; "early 
adolescent. (35,46,60,68,69) and to cope with the problems of pre- 
and early adolescence (66).. The miss iqn of this kind, of school is 
neither remedial nor pr^aratorV (17)? it is a^school that 
promotes learning for the "here antfnow,* not for some 'Aire time 
• / (55). ... 

. * « 

•2. A wide range of exploratory intellectual, social, and physical 
experiences (49,70,71). Exploration should characterize the whole- 
program (72). The school should provide optimum individualization 
of curriculum and instruction for a .population characterized by 
- great .variability (73).- There should be many elective's available 
.to all -students to help them discover ■ more abo^t themselves, their 
c . interests, and the world around them (74). Exploratory .programs 
should give students opportunities to develop interest's in 
..aesthetic, leisure, career, and other aspects' 6f life 
(62,75,76,77). ' • 

j 

• . * * ^ 

3. An atmosphere 'of basic respect f.or the individual that ban make^a 
reality of individualized instruction (51,66,78)* This may occur 
best in a nongraded, continuous-progress form of instructional 
organization (46,54,79, 80) . ' 

.4. An environment in which the student and not tfie program ^is most 
important and where the opportunity to succeed is ensured for all 
students.- - Development and enhancement .of seff-concept is 
recognised as an important educational goal (6.7,74,81). students 
should- be known, respected, able to experiment, 'and-- able to find 
success. (82). There should be the absence of -a "star system" in 
which 1 a few special students dominate everything; in contrast to 

_ this, enhancement of feelings of worth in ' all students should be v 
encouraged (83). It is recognized that self-esteem appears to have' 
a stronger .relationship to school achievement than either • ability 

' or motivation (84). " a 

8 

5. A positive and active learning environment (74,82,85); An active 
learning environment should be promoted since this is an important- 
means of relating learner characteristics such as variable" 
attention- spans, physical restlessness, and 'concrete cognitive 
capabilities to subject matter >73, 86, 87). Restlessness and wide- 
swings in energy level of students suggest the need for scheduled 
. time to unwind, perhaps in the form of morning and afternoon 'breaks 
(88) " jft 
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Facilities^ and scheduling that -are flexibly enough to allow* for a 
variety of grouping pattetns -and activities '(71,74, 87) .' 

A setting- in which every 'student is well known by at. least one 
Staff member. A teacher^counselor in ajiome base or advisory grouj* 
setting may be that, staff member (24>60,89,90) . In order' to 
accomplish this, ^teachers will need to expand, their perception of 
Jfcheir role to include the* whole child in a" wide context. This 
string teacher-counseldr role is* necessary in order to cope with 
the emotional and psychological crises that occur with this age 
group. (66,79). Students also ha\fe a strong, need to' know and relate 
to an adult .other^thar^a-^arent (82). 

A program that . specificaTTy helps pre- and early adolesceats to' 
grow* in self-understanding and the understanding of others arid 
includes the special* concerns of this age group (18 , 34) . 
Commitment to both the physical* and 'mental health of each child is 
a middle school emphasis (74). * 

Mtiitoiple opportunities to develop social and human relations skills 
inactivities appropriate for the age group. Learning to work well? 
in a pe$r group is a developmental task for pre- and early 
adolescents^(91) . Schools need to find ways "to deal positively" 
with' the importance of pier approval and the norm' of conformity to 
peej behavior that^can result in an intolerance of other's apparent* 
differences (88).* -/Learning., often can be promoted best in an 
interactive context that includes working in dyads and small groups 
(69,92,9|). Middle school^ should ,deemphasize sophisticated social 
activities that mimic high school social life,- such as competitive 
interscholastffc athletics, -early dating, night dances, and other 
"grownup 1 * activities. ^IWterest groups and low-keyed intramural and 
sociaj. activities should^e programmed (74,79). 
: f 9 * 

A concern with affective, as well as cognitive • and psychomotor, 
development (94,95,96) . \ The importance of affective factors as 
motivators — friendship, good- gr-ades, positive feedback — is 
acknowledged (97). Opportunities for * values clarif feat ion and 
development should be a jJart of the school, program (51,88). * — 

A ^concern with creativity and divergent thinking as well as 
<*8nvej;g£ht' thinking (79,98). There should.be many opjfoirtunities 
for expression of * creative talents through musical and dramatic 
programs, student newspapers, art, and other means of expression. 
Students should be able to do much of the planning and carrying out 
of such activities on their own (74). 

A way to facilitate a smooth educational transition* between 
elementary and. high school while allowing for the physical, and 
emotional changes taking place during this stage of development. , 
It should provide a way to mediate between^ the onset of adolescence 
and the pressures of culture — a way . to continue general education 
applied in a psychosocial environment ' that ^s functional at this 
stage of socialization (19,24/99). At the sixth grade level, the 
security and recognition found in a self-contained classroom needs 

m 
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• to be programmed in some way (31,72). Means must be found to 
promote continuous progress through and smooth articulation among 
the several phases and levels of the total educational program 
( *3) ^ j * 

13. A program that provides a means to acquire essential learning 
?. kllls - in a. sequential and individual manner. These skills would, 
include reading, listening, ' asking questions, using library 
' ifron C ?«: and or 9 anizin 9 'information, among other things 
' - mU1!^1'a \ non .9 rade <3 approach that 'will accommodate 
differentiated rates of growth, is a suggested way to do this (46). 
The teaching of reading in the content areas and an emphasis on 
_ developmental, as well as recreational and remedial, reading should 
, . be a part of middle, school programs (66) * . Multimaterials, father 

than basic textbooks, should be used » since maturity levels 
f interests, and backgrounds of students vary widely (79). 

14.. An educational climate that emphasises learning how to learh. 
Developing abilities J» solve problems-, determine values, and be 

^ \ n\ i^ neW tS Sh ° Uld be 3 Part ° f the educational process 

* (70,71/74,78). , The, emphasis should be on inquiry rather- than 
, memorization (54). Every subject should . be taught to reveaJ • 

opportunities for further study and to appraise interests W 
values (72).. Students should have some .opportunities to dftect 
their own learning; there should be an emphasis on self-direction 
and self-responsibility through a choice of activities (74,101). 

15. A. physical education program designed- to develop conditioning and 
' ^° . iSf" ' 51 \ 92 >^ A stron 9 intramural program should replace 
' 2* V ' 3 , hlghly ^Petitive 'athletic program. . Stress should • 

be placed on large muscle development, team sports, and helping 
students to understand and use their "bodies- ^74,88).' 

16. A health program geared to' promote positive .physical and 'mental 
,li^L J° provlde sex education appropriate • for this - age 
(5F,102). Since students this age are self-conscious in terms' of 
rapid or slow development of secondary sex characteristics, healtfi 

• unit « shobld include self-image, physical 'development, and sex role 
identification (88). . - - 

17. Guidance in the development of mental processes', attitudes, " and * 
21^1 K 6eded constructive citizenship (71,72,103). Students 
should have opportunities to be of service to othejrs (101,104) 

* Students with ethnic backgrounds need opportunities for conscious 

' ' • c °" front i a, ; 1 ° n W V* th6ir ethniG ide "tity and for content about 
ethnic life styles; there is also need forVlearning skills of 
conflict resolution (105). y or 

18. Staff members who recognize and, understand the students' needs, 
interests, backgrounds, motivations, and goals as well as fears 

" • presses, and frustrations, and who are .competent to/deal with them 

(24,51,71). Since the students' attitudes toward school and school 
work are so affected by Jheir relationships with teachers skinS 
« teachers are the main ingredient in a successful middle 'school 

'Q 20 
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(106)'. Teachers need to be secure persons (107) who are effective 
, in the a&^a of human relationships (108). Teachers must understand 
the students' unpredictability in response to adult affection and 
their tendency to show rejection or ambivalence, (109) . A^ / 
continuous teacher • inservice program that stresses the personality 
' development of students and the implications 'for education is 
necessary (74). „ * 

r %m 

19. Varied instructional methods appropriate for this age group. These 
-would include individualized instruction, variable group size, 
" * independent study prograrife, use of jfiulti£le materials,^ 
instructional media centers, f and computer-aspisbed instruction 
(45,74,92,99 % ;U0|. 

20/- Concern .for thj matching of teaching and ^ learning styles Each 
, middle school staff* .needs to develop a range of teaching styles ar*d 
approaches that provide specific learning environments for students 
who show a need "for them (67). t * * r f f 

21. An emphasis^ on diagnostic* ^teaching. Teachers need to become* 
diagnosticians of learning needs and resource persons who guide 
instruction (113).. .They also "need to be ' able to assess the 
effectiveness of learning experiences in the achievement pf special 
pur poses * for students (66). 

22. Some cooper ative planning and team teaching to provide 
interdisciplinary program's are provided (24, 74,92,.114, 115) *. 
Subject matter areas should be reassessed with a view to a more 

« effective synthesis of 'content and the development ox 
interdisciplinary approaches "(94J . 'Teams of teachers from a 
' variety of academic pursuits should provide -opportunities - for 
students to see hoU areas of knowledge fit together ?46, 54, 116). 
Interdisciplinary learning is often cited as an appropriate way to- 
make subject matter relevant to the interests and concerns of 
.students (83, 114, 117,-118,119) C ' "» 

23. Effective leadership frorti its prinqip^.. More than anyone else, 
the. principal determines the atmosphere , direction, and 
effectiveness of" a school. The principal shoiild view herself or 
himself as .an educational leader who maintain!? close touch with the, 
school program \and curriculum ajad who involves the staff in the 
decision-making proSfess (54,66). 

* * 

24. Evaluation of strident ptogress carried out J.n a manner that %$ not 
counterproductive to major middle school goals nor destructive to 
student self-esteem insofar as possible. > The marking and reporting 
system ■ should focijs on individual growth and include some self- , 
evaluation^ features (24,120,121). Growtji is measurable'; evaluation 
should reflect student personal growth (5.4) . Student conferences*, 

, as well as "parent^ conferences should be part of the 'evaluation 
■ • process (4.22) . ■ 
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Participation by parents .and other community resource people in 
order to broaden the context for education' (75* 123, 124, lftj . * A 
planned program of community relations shoul<^not 'only involve 
parents and other community leaders in school programs -and 
activities, it ,also should involve parents and' community leaders in 
the decision-making process (74). 
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THE MIDDLEL SCHOOL" CONCEPT . t 



The ►"middle school movSmfent, as recently characterized by the presi- 
dent of the National Middle School Association (NMSA) , ^ohn Swaim, is 
"entering .a, new era." The number of middle schools has grown constantly 
throughout the seventies, increasing during the past four 6r five years 
by 500 to 600 schools 'per year (126). " A sharp increase in the number of 
middle schools is predicted for the first half of the eighties, , followed 
by a leveling off $uring the last half of the decade. This increase 
will be due, in part, to the several large metropolitan districts pres- 
ently converting to, middle' school organization. * 

a « 

How^ve^r when ^consideration is given to the number of middle 
schools \ truly trying to wort: within a middle school philosophy— "the 
middle school concept" — Swaim notes a decreasing trend. Many are middle 
Schools in name only, despite the efforts of organizations like- the NMSA t 
and the Association for Supervision and Curriculum' Development (ASCD) to 
provide guidance and direction to schools makirig changes in organiza- 
tional "structure. In facing^ the eighties, Swaim suggests it is 
increasingly important for the NMSA £ to keep the middle school movement 
focused on "creating an educational environment attuned "to the needs of 
the emerging adolescent." ' . 

" x f 

What is "the>middle school concept"? While no rigidly ^prescribed 
formula for a "real" middle school is suggested, leaders of *the middle 
school movement identify a variety of characteristics, Which .together 
-comprise a middle sch^bl philosophy and rationale. Some of these char- 
acteristics are: 

JL. Middle school programs should bfe " planned to meet the physical, 
cognitive, affective/ and social needs of the' early adolescents 
* >they setve. The diversity found in 10- to 14-year-olds is*tremen- 
dous, fend educational programs should attend to this diversity. 

2. The change from concrete to formal reasoning is a natural part of 
human development of ten occurring during early adolescence. Middle 
school curricula shoiild provide learning experiences appropriate 

. for this transition.. V ? 

■ ■ - J . - ■ / 

3. An "active learning environment" should be promoted, since thisl is 
an important means bf relating learner characteristics — such as 

• variable attention spans, physical restlessness, and. concrete 
cognitive capabilities — to subject matter. 

." * " " ' » 

V ' ! 23 ' . 
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Students should have opportunities for a wide variety of learning 
experiences and should have some opportunities to direct their own 
learning Decision-making and problem-solving skills should be 
emphasized. 

Interdisciplinary learning and team teaching often are suggested as 
* . ; ng t a PP ro Priate ways to make' subject matter relevant to the 
interests and concerns of students. 

miro P ^ h T° t0r and affective *»ains of learning should receive 
high SSMT. ^ USUaUy ^ ^ de P art -ntali Z ed junior 

Participation of parents and other community resource people is 
encouraged (123). Middle schools should find ways to get young- 
schcol int ° ^ camvnit7 and - to brin 9 the community into the 

Professional staff should be well trained in working with early 
adolescents. They should also be committed *o students* in this age 
group and enjoy working with them. The role of the teacher as one 
who is sensitive to the needs of early adolescents is emphasized. 

The, curriculum should excite students' natural curiosity. Creativ- 
ity and divergent thinking should be as actively encouraged as 
convergent thinking (98). Exploratory programs should • give st" 
dents opportunities to explore and develop interests in aesthetic, 
leisure,, career, and other aspects of life (89). 

anSor^hol" l h c ° Ul<3 - be reco * ni ™ 6 as a unique individual. Guidance, 
and/or home-base programs should be carefully designed; "every 
student should be well-known by, at least one adult in the school 
who accepts responsibility for her or his guidance" (89). 

mt^SJT ! 3 P ° Sitive self - conce Pt and the opportunity for 
successful learning experiences are -sought for each individual 
student* • % 

Developing appropriate interpersonal skills and socially responsi- 
ble behavior are cited often as middle school goals n.27) 
Learning can be promoted best in an interactive context that 
includes working in dyads and small groups, as well as in whole 
classes. £eer group formation is a • major aspect of the early 
adolescent-experience. Schools need to establish ways to make it a 
positive aspect of the educational experience. 
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III ^ T ? ? progress should be done in a manner that is 
not counterproductive to major middle school goals, m the strua- 
gle to establish adolescent identity, students are extremely 

Ina n sv^ ^ 5 "I;"! 1 * 8 ° n their Self - est -m. A marking an ^ ! 
ing system should focus on individual growth and include some self- 
evaluation .features (121) . 

The lack of uniformity presently found in the middle school struc- 
ture and program is viewed positively: "By resisting institutional 
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rigidity, the middle school has remained a dynamic concept" (98). 
Most middle school staffs work at developing their own curricula to 
meet the perceived needs 8f their particular student body. 

"Back-to-basics" pressures have affected middle schools as well as 
other schools! Additional time allotments for reading and mathe- 
matics havfe been added. * This practice frequently conflicts ^with 
other policies and programs characteristic of middle schools. 

The essentials . of e^pcation, including "the ability to use lan- 
guage, to- think and to communicate effectively, to use mathematical 
knowledge and methods to solve problems, to reason logically, to 
iise abstractions and symbols with pofcer and ease, to apply and 
understand scientific knowledge .and methods, to make use of tech- 
nology and understand its limitations..." are endorsed by the 
Publications Committee of the NMSA (May 1980) as well -a£ by many 
other educational groups. 

In instructional processes, good middle school education is often 
closely related to good elementary school education (73). 

An overall goal of the middle school concept has been to provide a' 
smooth educational transition from elementary to high school* by 
developing an educational institution with a uniqueness and an 
identity of its own. That identity .should be based on the unique- 
ness and identity of the 10- to 14-year-old students, it serves. 
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CHAPTER 3 : 
SCIENCE INSTRUCTION , 1965-1970 and 1975-1980 

Rationale and Goals, 1965-1970* 



In ^writings about middle and junior high schools between 1965 and 
^1970, discussions of the rationale and goals \ ot science instruction 
generally were brief, 1 Sometimes general goal statements were made; 
often,, however A the section dealing r with science merely presented 
examples of what specific schools were offering in terms of course 
structure or organization. • In some instances, only course titles were 0 
presented. a(> * 

When general goals and objectives for science instruction were 
presented, there was some agreement about them. There was, however, 
recognition that a lack of understanding of the purposes of science 
education contributed to the* variation in science instruction found in 
junior >high schools and middle schools during this timejperidd (17).' 
Some identified objectives were: 

1. TO develop a better understarfding of the natural and physical 
>. forces of £he environment and how human bfings interact with the 

environment to their betterment or detriment (20,51). f 

0 

2. To develop a clearer and more accurate comprehension of the • 
processes of human^ growth and development in order to cope better 
with growth .changes occurring in self and peers (51). * 1 

3. _ To become .familiar with orderly methods of scientific investiga-S. 

tion (17,51); to develop skills in critical thinking and experi- 
mentation (17); to , seek ^answers to questions by scientific 
reasorting and interpretation of evidenqe dollected by scientific 
ctesicjn (2^ ' , * 

4. To develop a familiarity with the practical ; aspects of science (51)^ 
and an understanding of science as a 'human Enterprise (20) 

5. To acquire some knowledge of^.the worldf of science with an emphasis \ 
ort concepts and principles (17,20) 

6* T^ explore opportunities for careers in science (20) 



7i To find ^through 'a study of science a means of enriching life 
thcough recreational and avocational pursuits (20) 

4 

8. t To make science interesting and^xciting to all students (17) * 

r 

Cbanges in the Teaching of Science, 1965-1970 

' \ t 

t Writings about the middle o** junior high school reflected perceived 
changes and trends in the teaching of science. Commonly re#rted 
changes were as follows: 

1- A transfer of science content from high school to junior high or 
middle school and from junior high or middle school to elementary 
school (20) \f 
■ * > 

2. Longer, more intensive study of fewer science topics, % with longer 
periods of time elapsing between study of similar topics 

• (16,17,20) - * 

3. Reduction in the amount of science information presented in order 
to permit greater emphasis on principles and procedures basic to 
the study of science and how scientific knowledge is obtained 
U6,20,99); use* of new programs grounded in concepts and struc- 
tures of the various science disciplines (99) 

4. Less emphasis on*the accumulation of facts; more emphasis on devel- 
oping inquiry skills; experimentation when conclusions are not 
predetermined (16,99); more "doing" of science appropriate to 

, developmental level (53) > more use of projects, small group activi- 
ties, and experimentation to develop skills of inquiry (20); change 
from the teaching of one problem-feolving method to many relatively 
unstructured methodp (16) 

5.. Increased use of mathematics as a tool in the study of science 
(16,20) . • , 

6. ' Making science' classrooms more like laboratories so that student 
' experimentation, could, occur (17,20) - 

.» - ■ * 

7. An increased amount of time given to science in the curriculum 
(17,20) . / 



8.' Recognition 'of the importance of • science instruction ' for all 
sffodents ( coupled with recognition of individual differences in 
students d7,20), resulting in the development of a- track program 
in science (J.d) or- some other means of instructional individuali- 
zatipn (20,54,70)- . ' 

' ' I • 

). Less xeliance on a single textbook* greater use of * audiovisual 
materials, supplementary materials, and multi-textbooks (16,17); 
greater use of flexible scheduling and facilities (17) 
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Greater ude of community resources (53) 



11. Exploratory opportunities to encourage students to understand and 
appreciate materials representing physical, life, and earth 
sciences to the limits of their abilities (53) 

12. -, Mq£e* emphasis on the study of science itself and less on the appli- 

cation of science (16,17,20) 

13. Movement of science out of the core* program to make it more labora- 
tory-oriented (16) * 

14. Agreement that science should be required but little agreement on 
exactly how much should be required or in what form it 'should be 
presented. Writings about middle schools and junior high schools 

'did not present a unified picture of a "common" science ptogram. 
Some authors suggested that general science was the most usual 
offering (16, 18,19,53,99). O^ers reported a program that 
presented life sciences in the seventh grade and physical science 
ip the eighth and ninth' grades (17,20). Many middle schools 
, * developed local science programs that were thematic (15,46) • In 
-some instances, science' was combined with mathematics or health irj 
a double-period, block-time program (53). Some use of curriculum 
projects such as Introductory Physical Science (IPS), E^rth Science 
Curricultftn Study (ESCP) , and Biological Sciences Curriculum Study 
(BSCS) was reported (16,17,18). In some cases, honors programs at 
the'ninth grade level were offered (18,20). 

15. Many middle schools and some junior high schools had science- 
related clubs and science-related exploratory mini-courses 
(15,20,46). v . ' 

Issues and Problems, 1965-1970 



Articles about middle *and junior high schools in this period rarely 
discussed issues and problems specifically related to science instruc- 
tion. Howeverv Howard and Stoumbis identified the following "old 
/ problems... fmd new issues" (17:127,128): 

* 1. , Textbooks. In these times, textbooks soon became obsolete, 

and perhaps that's a good tiling, - since many are full .of errors 

* « and inconsistencies. 9 ' „ 

2. Teachers ' are still too often inadequately prepared. Even 
worse, it is, not uncommon in jqnior high school to find a 
teacher saddled with a science class he didn't want and can't 
really teach, but ha£ it because of "scheduling problems." 

3. There 4 s still too much teaching from the text and not enough 
pupil lab work. 



T 
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4. Many schools, attempt to teach too much content. it, is 
impossible to teach or leatn everything. " 

5*- We still tend *o underestimate ,the ability of interested 
students. 



6. 

/ 



There is still tioo much repetition of content,.., 



7. Too 'many junior high schools are* still 1 plagued by a lack of 
facilities, lack 'ot materials, and. a shortage of time to 
teach. 

8. Science changes so rapidly that there is a need for a contin- 
uing inservjlce teacher-trainirig program. 

9. There is, a conflict of opinion between those who believe that 
alj. science should be integrated and those who think* that each 
subject should* be distinct. General science is offeen- criti- 
cized for just that— it is too general. 

There is some feeling that there is a gap in the new programs, 
since there has been art omission of any real attention to 
applied science, 'engineering, and technology. * ■ 

* « 
IX. Unquestionably, the substantial majority of the new .programs 
are. aimed at the college-bound student* f 

12. 'There/Ts a nedd for a correlation - of instruction in mathe- 
matics and science. 
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Teaching and Learning Practices, 1965-1970 * 



During this period, writings about middle and junior high, school's 
often included general discussions about teaching and learning "that had 
some^ application * to science instruction, although 'the dd'scussions 
presented usually did not relate specif ically , to science. The point was 
made often that good middle school or junior high •school/' teachers need 
to be skillful in a variety of teaching techniques and that they should 
know by training, experience, and- iftsight when, to apply each particular 
method (15,20). Discussions of teaching and "learning methods were 
organized in various ways. For example, Gruhn and Douglas (20) grouped 
teaching- methods into four general approaches: 

1. Assign-study-recite approach. ' ' This is the traditional teacher- 
dominated method of. using a textbook or. other materials where 

• reading text -material, discussing it, and being tested over its 
content are the major teaching/learning activities.'" '* 

. * • " 

2. Subject-centered approach. Curriculum' content is organized into a 
unit of content for all to use. 



3. Activity-centered approach. Various kinds of pupil activities, 
ofjben problem-oriented, are preplanned and prearranged by the 
teacher and carried out by the students. * 

4. Experience-centered A approach. Learning expediences grow out of b 
pupil's -expressed needs, interests, and abilities. Th^y result as 
an outcome of cooperative teacher/student planning carried out in a 
cooperative, informal, and^ democratic manner.; A variety of 
instructional Materials and 'strategies are incorporated into the 
learning experience. Fundamental skills "are taught as they are 
needed. The experience-centered approach is Advocated as being the 
approach most appropriate for the attainment of the oft-stated' 
goals of junior high and middle school education. 

Within these approaches, a variety of teaching methods were 
suggested as being ^effective. Some of these approaches were tradi- 
tional, having been' the backbone educational practice for decades^ 
The lecture method, i£ not overused, was recommended to present specific 
information arfd provide key questions for student consideration (15). 
Short lectures could lead to discussion. If effective discussion was to 
take place, 'however, the teacher had to establish a classroom climate 
that encouraged acceptance of divergent ideas and open-minded problem 
solving (15). 

Role-playing also was suggested as ideally suited to junior high 
and middle school learners, since it allows ^tudents to learn from one 
another and to put themselves in different situations (15). .Programmed 
instruction, which is student rather than teacher centered, could free 
fL teachers to work with individual students and individual learning 
> problems. Self-paded learning .packets frequently were advocated as 
effective ways to individualize* instruction (16,46). Many middle 
schools developed their own teacher-constructed' learning packets for 
science classrooms. Bondi (46) presented some of the topics developed 
in this maimer by the St. Cloud, Florida Middle School; for example, 
"Weather and You" and "Light— The Human Eye." - * 

Team teaching was recommended^ often as a way to organize instruc- 
tion in middle and junior high schools; The ways to organize teaching 
teams were virtually unlimited—either within or across grades or^/ithin 
or acfoss subjects. In *intradisciplinary teams, teachers concentrated 
on using* their artas of special, preparation, knowledge, and skill to 
help each other to 'plan effectively and to provide large- and sifall- 
group instruction. In interdisciplinary teaming, English and social 
Studies often were- combined; in some instances, English, social studies* 
and science were combined for cooperative teaching of interdisciplinary 
lihits of study or experiential education (15,20). 

Flexible sche<Julint( often was advocated to improve educational 
practice (16,158). Availability 6t ' different time blocks and sizes of 
instructional^'groups w&s recommenced as being particularly valuable for 
the teachinq^af^ffcience. For example, longer laboratory periods and 
shorter la^ge-group, lecture-demonstration periods becaifie possible when 
a flexible schedule was implemented (16).' 
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Many authors recommended independent study opportunities for middle 
•ISf^? ^ 3 ^ i0r high sch001 students to facilitate the frequently 
mentioned objectives of increasing responsibility for- learning and 
enabling students. to pursue elective interests on their own. However, 
few schools appeared to have independent study programs that involved a 
high percentage of students U6). When independent study programs were 

S^woTl '25. 1 teaChin9 eff ° rtS ' * did become P° ssible for teachers 
s?udy (16 159) ^ " 9rOUPS ° f students and - to encourage independent 



Supervision an,d Administration, 1965-1970 

- " ,: ' 

rnle l n f 'l Uni °l hi f and middle spools, as compared' to high schools",, the" 
role of department chairperson was deemphasized during this period, thus 
avoiding a narrow specialized' focus (53). Administrative staff and ' 
counselors were encouraged to help teachers understand students and work 
effectively with them (53). In some large junior high schools a 
school-within-a-school organizational pattern was useful X encouraging 
SlS scheduling, an atmosphere in which students were well known by 

a l< f , 3 P , r ° gram m ° re Ukely to result in attainment of typical 
educatiohal goals for the junior high school (53). , 

1 -n^r^? iCU J Um c ° ordinators "ere useful in helping new 'teachers sdlve 
instructional problems, m bringing teachers together for curriculum 
planning and evaluation; and in introducing educational innovation mu 
, The Principal was responsible primarily for the planning, organizing, 

active 0 ' 111 "?, ' UnCtibn -^ <C the school (54). However/planning 
activities sometimes were delegated to the staff. Decision activities 

!! r ! , a ° a f rrie v PUt ,° n *- CuI1 cont inuum from principal-centered leadership 
to staff-centered leadership .(54).. Evaluation was done by a review teaS 
including administrative staff and teachers . (54) . • » 

a T I? e r °^ e ° f inservice education in relation to teacher attitude and 
S££ n 8 , Ch i eVem -t nt Wa& "cognized (15) . Effective teachers had to 
understand the pre- and . ear if -adolescent; the? ' needed -how to do it* 
d S^IL5^ W ^ CO " tent and / m ethodology; they needed encouragement to ' 
^^^ Z ^^^ S8ion ^/ attitudes toward educational change and 
innovation (15) . Mt.jffla^nown that supervisory' style in different 
S£2£i attitudes .toward change. 'Autocratic superior J 

climates could be expected '.to result in hostility and aggressive 
behavior disruption of group cohesiveness, and a lack ofUnitfS™ and 

SSjiiJ 5 *' 1 Enha " ceme " t of Positive self-concepts for teachers was an 
important goal of inservice education tt5). • 

mom ^r e t t am *. teaCh 1 in9 or 9 anization " encouraged supervision of junior team 
members by team leaders. The less, experienced team members observed 
outstanding teachers. Cooperative planning Was carried out: profes- 
sional growth and development of all team members was encouraged (15) 
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Rationale and Goals, 1975-1980 



Writings about middle and "junior higb schools during the* past 
decade do 4 \ not provide a separate rationale and goals for science * 
instruction. Characteristics that define an effective v general educa- 
tional program are discussed widely, but the content areas usually are 
not addressed separately in irflich detail, although some sample \mits of 
study, learning packets, or individual school 'programs are scientific in 
nature (73,74) K Interdisciplinary units nfey: iaclude scientific compo- 
nents, for example, "technology" (74). 

« Science - is viewed as, part of • the. -course of studies designed to 
prepare students for social competence* It is one of^'the fou& content 
areas that comprise the basic studies program (the^otf&pr . three being 
mathematics, language arts, and social studies). In tfye^ griddle school, 
these subjects often are taught in an academic block ;'o& time by an- 
interdisciplinary team °f teachers (74). Books, about th,e fiddle school 
may include examples of general goals, portions of which are science- 
related. For example, the Hastings Public Schools 'include as a goal: 

Knowledge of the humanities, social sciences, natural sciences ancl 
environment, an£ the relationship between one's own acts- and the 
quality of the environpent at a level required to participate in an 

ever more* 'complex world. As indicatory *of this goal, the students 
will demonstrate (74:310): ' 



a. 
b. 

c. 
d. 

< 

e. 



Knowledge of the *basic metfiods of inquiry in each field 
Interdisciplinary efforts to focus knowledge on contemporary 
and future problems -° • 

Awareness* of one's relationship to the .environment , 

An attitude towards preservation and wise use of natural and 

humaq resources 1 

Understanding the effects on the' environment oi human" activi- 
ties and values, lifestyles, technologies, population growth, 
energy use, ; etc. , ♦ / % 



The following sample of suggested' themes for science/ in the ipiddle 
school is suggested b# Wiles and Bondi (74:98-101): ^ 
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FIRST LEVEL 
Man and His World 



How man learns about Ms world: 

Five senses : Observational skills, 
bias, recurrence, discrepancy, sense 
extensions. I.e., microscope 

Graphics and quantifying t probability 
development of patterns, science 
attitudes— news, UFO, ESP... 



t 

How man be$v 



ves toward Ms world: 



Categorizing. . * 
Measurement.. . 
..Model building... 
Communication of data... 



How man expects his world to behave: 

Consistency and uniformity... 
Cause and effect... 



MAN' AND THE WORLD 

SECOND LEVEL ' 

' The Kind of World Man 

Thinks He Has Found % x 

Han assumes the existence of variation 
and change 

Normal curves. . . 
directional variation... 
Extrapolation and Interpolation... 
T1me--grad1ent— natural selection 
Repeating sequences../ 
Interacting changes that result 1n 
balance. . . 

Man thinks 1n t,erms of relationships 
rather than absolutes 

Measurements express relationships... 
Patterns^ govern relationships... 
Frames of reference determine relation- 
ships... 

Interdependence consists of relation- 
ships.. . 

Heredity and environment are related... 
Changes and rates are related... * 
Man and his tools are related... 



THIRD LEVEL 
Man Finds That His World Has Limits 



Science 1s limited by how we feel about 
the world 

We can look at our world two ways: 

Problems of conflict, poetry and real 
world, painting and pictures, music 
and sound 

Complementarity— Structure and 
function, nature of light, science 
and religion 



Continuous discovery: 

Prognosis of science Inquiry 
Limitations 
Moral obligations 
Social limitations— political and 
cultural 



Teaching and Learning Practices, 1975-1980 



Writings about middle and junior high schools in the period from 
1975 to 1980 include discussions about teaching and learning. These, 
writings emphasize a variety of themes, which are summarized below: 

The -Importance of t he Learning Cliwatfe . An effective educational 
environment for 10-* .to 14-year-old learners should provide a sense of 
security whild permitting socialization and exploratory learning activi- 
ties (34).'^Since early adolescents are • seeking greater independence, 
the learning environment should permit students to accept challenge. 
Variables affecting climate include structure; responsibility, reward, 
rislc, warmth, support, standards, conflict, Snd identity (74). Teacher 
leadership style determines classrcfom >climate. Once created, learning 
climate has a significant effect on student motivation and performance, 
Swick and Gatewood (82:11) identified ten conditions needed to promote a 
learning plimate that is both affective and accpUntable. * These condi- 
tions, stated in terms of students 1 needs, are: - 



To be known . ' , 

To be respecteq * 

To be able to learn 

To be able to find success 

Tq be able to experiment 



To be able :to find structure 
To be able to be alone - 
To kncaiw and relate to peers 
To know and relaife to an adult 
To be able to bfrcome... 



* «4 
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The Importance of the Teacher . in Determining Educational Out- 
cpmes . Much has been written about personal^ characteristics important 
to teaching successfully in the middle school or junior high school. 
McMasters (107) identifies the need for resilience, personal security/ 
and commitment to the democratic process and to giving students choices. 
Liking students; displaying enthusiasm; being alive intellectually, 
physically, and socially; having^ an^open mind; possessing a wide variety 
of skills; being compassionate/ tolerant, and flexible are listed as 
important personal characteristics b£ Wiles and , Bond i (74), who also 
present several lists of "key competencies " £>or teachers as identified 
by several sources. One list suggests 61 needed skills that range from 
planning 'multidisciplinary lessons* to functioning calmly in a high- 
activity environment. 

£ The Importance of the Relationship Between Various Aspects of Self- 
Perception and a Wide Variety of School-Related Variables (128,129) . 
Bean, Lipka, and Ludewig (130), in synthesizing research on. the self- 
cpncept, suggest that these variables include school achievement, per- 
ceived social status among peers, participation in "discussions, 
completion v of school, perceptions of the individual held by peers and 
teachers, pro-social behavior, and self-direction ir^ learning. They' 
•also suggest that schools have many opportunities to enhance the devel-r 
opment of individuals by mbying (130:85,86): > 

Prom a custodial climatejo a humanistic climate 
Prom accepting failure to expecting and ensuring success 
, Prom attribute, grouping to variable grouping 
From age^isolation to multi-age interactions 
Prom avoiding parents to working with parents 
Prom' institutionally imposed rules to cooperatively made rules 
Prom subject approaches to liJe-centered approaches- 
Pifom 'adult-exclusive evaluation to more self-evaluation 

Sirrce its inception, the middle school movement has emphasized the 
iraportanpe of developing educational practices that enhance rather than 
destroy a positive self-concept. 9 

The Importance of Grouping Practices . Grouping practices in 
relation to organizational structure, teaching strategies, and student 
characteristics receive much attention in the literature. Wiles and 
Bondi (72) recommend that flexible grouping patterns be employed. Such 
patterns should include large groups, medium- or class-size groups,^ 
small .groups, one-to-one learning situations, and independent: study. 
Both heterogeneous and homogeneous groupings should *be us%d, depending 
on interests, tasks to be accomplished, and skill levels. 

^ Multi-age or * family" grouping is suggested by Milburri (131) to 
promote positive attitudes toward school and learning skills of coopera- 
tion. Eichhorn (34) recommends developmental grouping as a means of 
minimizing the effects of growth factors iA order to maximize learning. 
He reports on the' developmental grouping /program used by the Opper~St. 
Clair .school system over the past decade ind suggests that developmental 
age grouping enhances continuous progress ' educational organization, 
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improved climate for instruction, and the overall effectiveness of 
middle school education. * - ^ . 

The . importance of Varied and Active Instructional* Strategies . A 
need exists for a wide range of active instructional strategies, include 
ing learning centers, games and simulations, instructional packages [and 
other forms of individualized instruction, and independent study (73, 
74 , 86 , 127 ) . The use of concrete learning mater ials and varied and 
appropriate' questioning strategies are emphasized (132)., 'Meeting the 
learning needs of individual students is a continued emphasis. 

^long with .the recognition of the need foif varied and acfeiye learn- 
ing strategies is the recognition that learning is best facilitated when 
the learners themselves have a share in developing and managing £heir 
own learning experiences. The schools curriculum should not consist 
entirely of a "canned" curriculum "(133)..' * 

The Importance of Teaching Reading Within the" Content Areas . 
Within the • past decade, educators have been challenged to improve the 
teaching of reading skills. The question of how ^ best to do this has 
raised a variety of responses (66,134,135,136,137). * In spite of a 
variety of approaches, there £s agreement that all teacher sr should be 
trained to teach reading 'in ^heir respective subject areas. Drawing, 
from the field of psycholinguistics, Tovey (136) suggests i&at readers 
perceive and remember ideas that are of personal relevance. Readers 

-interpret written' discourse ^in the light of their immediate interests, 
questions, and understandings. Therefore, student interest i^ not only 
desirable, but an essential ingredient in instruction. Tovey urges 
teachers to evaluate^he assumptions ^hat underlie'^their teaching prac- 
tices and their views of the relationship between reading and learning. 

' If reading* is not motivated by personally significant questions, even 
the most simply written books can be difficult to r^£d. On the other 
band, for the student who really wants *to know about something,- very 
complex text can carry much meaning. 

The Importance of Interdisciplinary Team Teaching , Inter- 
disc iplinaryTea^^ 

instruction, and staffing in middle or junior high schools. Inter- 
disciplinary' teaming promotes communication, coordination, and coopera- 
tion among subject-matter specialists. StydentS 'benefit from such 
instruction, escaping the fragmentation that characterizes much 
education (74). Such organization also facilitates the use of large- 
and small-group instruction and\he implementation of independent study 
opportunities. Some middle school educators advocate a return to the 
core curriculum concept of the 1930s and 1940s as part of their inter- 
disciplinary approach (73,80). ' ' 
J* • 

Interdisciplinary team teaching correlates content and skills ^nd 
supports a personal development • program focusing on the needs of stu- 
dents '(115). Middle school educators have proposed various ways for 
plaaaing interdisciplinary ppits -Qf study; for example, "webbing" 
(13ff), "lesson plan trees," and ""interdisciplinary planning wheels" 
(139). • ^ 
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The Importance of Recognizing individual Differences in Learning 
and Teaching Styles . One of the current educational topics generating 
much interest and debate is the attempt to ' - i de -ft tify individual learning 
and teaching styles and to mix and matfch these styles* Gregorc (140) ' 
defines , learning style as distinctive behaviors that indicate how a 
person learns from* and adapts to <her or his .environment and give clues 
as'to.how a person's mind operates. In the past few years, educators 
have been trying to align learning and teaching styles (112,14X f 142, 
143). Such attests ar^e now 7 being appraised critically (144,145). 
Questions are fcfeing raised about the value of matching-* teaching ahd\- 
learning styles that relate to one^' beliefs ^about education, teaching j • . 

and learning, 4 anc? how much studenqr and teachers can and should change. 
Arth (111) suggests that a mismatch of student-preferred learning modal- . 
ity and teacher instructional methodology -may result in discipline * 
problems in yourfg adolescents. He suggests the use of a learning, style < 
assessment instrument that' will make possible students' assessment of - 
their own preferred' learning style. 

The Importance of Brain Growth Periodization Findings as They 
Relate to Teaching and Learning . Since Herman Epstein's article on 
brain growth periodization appeared in Transescence j.n 1977 f> middle . 
school. educators have been interested in relating his findihgs tox>ossi- - 
ble implications for educati6h (146). Epstein reported a slojf brain 
growth period irt the 12- to 14-year age span. He predicteythat it 
woultf be relatively more difficult 'to- initiate novel intelfeecxual pro- « 
cesses during this time than in the periods both preceding and following # 
it. He recommended that the curriculum ' should be altered to avoid 
novelties and to include a larger component, of experience as well as 
practice of skills already acquired. * > ^ 

Toepfer (147,148) ^believes that many* schqpi programs "over chal- ^ 
lenge" 12- to 14-year-olds and that youngsters give up trying to learn 
things they cannot. Comprehend. , He believes that it would be .helpful to 
be able to identify when young sters en^f and leaye the age- 12-14- 
- plateau period. - He also suggests that further research into this peHod 
may be useful ih understanding differences between boys and girls in 
learning experiences and timing from ages 11 to 15. Preliminary data 
suggest that girls experience more brain-growth prior » to the age-12-14 
plateau than boys do and that the condition is reversed in favor of boys^ 

between ages 14 and 15>. * . * * ^ 

•» 

Epstein and Toepfer (104) suggest *that .the middle school educa- 
tional program should have a greater emphasis on students' interests. 
They suggest that much education should take place outside the school. 
They recommend community service programs, such as students working with 5 
the elderly in nursing horned and with children in day care centers.' 
Teaching cognitive information should^emphasize "skills already learned. 
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Supervision and Administration, 1975-1980 

Educators involved in supervision and staff develppment should be 
aware of what is known about adult Reaming. Adults come'to any learn- 
ing experience with a wide range of previous experiences, knowledge, 
interests, and competence. Individualization,, therefore, Is appropriate* 
for adults as well as for children and youth. Many adultsr^operate at 
the concrete level of cognitive operations; therefore, concrete and. 
direct * learning experiences are appropriate for them as well as for 
youth. Adults prefer 1 to learn in informal • situations where social 
interaction can take place among learners. Inservice educators and 
supervisors should, (149) : 

Include mors participant control over the "what"* and "how" of' 

o learning ^ 
Focus on., job-related tasks perceived as important by the learner 
Provide ghoices and alternatives * 

Include opportunities to practice what is to be learned' in real- 
life of simulated work settings 
% Encourage learndrs* to learn from each other 

Encourage particijfents to give one another feedback concerning 
performance and areas of needed improvement : 

Middle school team organization helps teachers function as profes-, 
sionals with freedom^and responsibility to see that students learn, 
progress, and find epcci^ement and joy in learning. Ft encourages 
initiative in team members ^nd can help teachers and students alike to 
become excited about learning (l$Q) . 

a * , 

Teaeher performance is the key to effective middle and junior high 
schools.. Improving teagher performance is a* complex task, but it can be 
accomplished by school administrators who demonstrate a supportive 
attitude, exemplified by verbal encouragement and moral support; real 
support in the form of plannfng time, supplies, instructional materials-, 
fresh ideas, and inservice programs; and shared decision making. Kron 
(151) recommends a "broken-f ron^" approach that sees inservice education 
as systematic, small-group, and developed as needs arise. If teachers 
articulate a need for an irtservice program, that need should be met as 
soon as possible. * 

• . * 

Haschak (152) reports the use of a daily "huddle"' 0 involving an 
interdisciplinary teaching team ,* a counselor, and other staff, including 
principal ^and assistemt principal, as deemed appropriate, fhe "huddle" 
facilitates .planniiW, administrative 'communication, professional 
development ,of staff ,| and communication with parents*, as well as inter- 
disciplinary plaqningl. * 

i • . * 

Just as middle schools use^peer pressure to their advantage in 
designing instructioi^l strategies for students, middle school practi- ' 
tioners ,can learn' flrom one another. Bourgeois (153) reports on 
interschool visits . taking place, under the auspices o£> the New England 
League of Middle Schobls. Teacher exchanges of up to a week's time and 



school-»site conferences are "a popular way of broadening teachers' 
experiences* 

McGee and Eaker (154) report the findings of the p'cactice of 
- Supervision- in Tennessee (155) that relate to the perceptions of 
junior high and middle school teachers and principals. The findings 
included the following: 

Almost 60% of the teachers in the study perceived their supervisory 
classroom observations as not being helpful. Of the principals 
included in the study, 93% believed that their observations were 
helpful to teachers. Q 

Psychological support to try new ideas usually was not provided for 
77. 8% of the teachers, although 86. 7% reported that they needed 
j this support. 

Ritz and Cashell (156) report a recent study of the supervisory 
effectiveness of 143 science supervisors and 258 of their teachers in 
which teachers were asked to express their views about 26 informal and 
formal supervisory activities. Four factors influencing effectiveness 
enter ged: instructional/intervening, interpersonal/supporting, manage- 
, men t /planning, and socializing. Two additional factors also were 
identified: attraction (how 'moeh the supervisor is attracted to member- 
ship with the faculty) and acceptance (how much the faculty accepts the 
supervisor as a member)., * The views of teachers and supervisors differed 
significantly on four factors: instruction/intervening, interpersonal/ 
supporting, socializing, and acceptance. 

' 4 

With regard to instructional/intervening activities (such as 
inservice workshops and co-teaching), supervisors rated themselves more 
successful than teachers rated them. On the interpersonal/supporting 
factor (sqch as helping teachers with personal problems, informal com- 
munication, and mediating conflict), teachers again rated supervisors as 
less effective than the supervisors rated themselves. However, regard- 
ing the socializing factors, the supervisors rated themselves much less 
effective 1 than the teachers rated them. On the fourth factor, accep- 
tance in the faculty group (in terms of .how truthful, argumentative, or 
* friendly supervisors could be), the teachers gave the supervisors sig- , 
jiificantly lower ratings than the supervisors gave themselves. * ^ 

A second part of the study focused on trying to improve under- 
standing of the , dynamics 'of effective* supervision: What are the* 
elements that make supervision in science effective? Ritz and Cashell 
hypothesized that supervisors who develop a relationship of "psycho- ~ 
logical membership 11 (having a high degree of attraction and acceptance) ' 
with^fcheir teachers are seen by teachers^ as more ^effective supervisors 
than xhose whose „f$pulty relationships are less positive. Analysis 
showed tha& group membership accounted for some 39% of the variance in 
supervisory effectiveness. The suivey items that best, explain this 
relationship suggest that general interpersonal/cohtmunication behaviors 
are the source of this correlation. The authors conclude that it is 
essential for supervisors to improve the interpersonal/communication 
aspects of their supervision. 
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To improve instruction, roost 'types of supervision~roanageroent-by- 
objectives, clinical, human relations, and peer supervision— focus on 
teachefc behavior. They stress what the teacher says . and dofes'in,the 
classroom. This focus on teacher behavior is based on se\teral 
assumptions (1571: * • 

Teacher behavior will influence student behavior, 
, Teachers can control their behavior to influence student behavior. 
Knowledge about the ways various teacher behaviors influence stu- 
dent behavior exists, 

Zahorik (157) questions the acceptability of these assumptions. He 
notes the role that values play in the three assumptions concerning 
1 teacher behavior and suggests that supervisors should stress the devel- 
opment of values rather than the performance of certain behaviors. He 
suggests that supervision of values development should 4 focus , on the 
basic, fundamental elements of education; for example,' the student, the 
subject matter, the teacher, and others. The supervisor |hould help 
teachers clarify their beliefs or convictions about thesd elements. To 
do this, supervisors need to clarify their own values and to make their 
values position known to teachers. They could develop their own values 
prior to attempting values development supervision, or they could 
develop their .values along with the teachers through dialogue and mutual 
clarification. In this form of supervision, behavior, is seen as *an. 
outgrowth of values development. The supervisor would be concerned with 
the relationship of values to behavior and would try ,to help teachers 
achieve consistency between values and behavior.* 



v _ 



43 



40 



\ 



References 



Ayre^kL. P. Laggards iji our schools . New York: Russell Sage 
Foundation, 1909. 

2. Thorndike, L. The elimination of pupils r from school . 
Washington: JlN^Bureau of Education* 1907. (Bulletin No. 4) 

\ 

3. North Central Assodiatlon^ atilletin , 1919. 

4. Davis, C 0. Junior Tiigh school education . - Yonjcers, N^ Y.: 
World Book Company, 1924. • • ' . 

. m - 

5. Glass, J. M. Tested and acceptable philosphy of the junior high 
movement. Junior - senior high school clearing - house , 1933, 
VII (6), 329-339. 

6. Proctor, W. M. , and' Ricciardi, N. (Eds.). , The junior high . 
school ; Its organization and administration . Stanford, Cal.: 
Stanford Uhiversity Press, 1930. ^ 

Hepner, w". R. .The junior high school/ California Journal of 
Secondary Education , 1938, 13, 459-462. . t 

8. Mauer, H. R-. Guidance at' work in a junior high school. Junior- 
senior high school clearing house , 193-2, 6, 547-548. 

9. Douglass, A* A* . The junior high school , fifteenth Yearbook, 
Part III of The National Society for the~ Study of Education. . 
Bloomington, 111.: Public School publishing Co., 1916. 

10. Briggs, T. H. The junior high school . Boston: "Ginn and Co., 
1927. * , . 

11 T Koos,, L. V. The junior ' high school . N€ftr York: Har court, -Brace 
and Howe, 1920. 

12. ' Fitzpatrick, J. A. An appraisal of junior high schools. Journal 

of Education , 1929, 19,* 167. 

13. Hardin, V. H. • Facing a vital problem. the Junior-Senior High 
School Clearing , House , 1933, 8t 43-44. • 

14. Mahan, T. J. Is the ^junior ^higlj school » functioning? < The Junior 

High School Clearing House ,. 1932/7," 156-153. 

• » * » 

15. D^Vita, J. C.; Pumerantz, p., and Wilklow, L. B. The effective 
mi ddle school . West Nyack,^ N. Y. : Parser Publishing Co., 1970. 

. 16. Hansen, J. H., and-Hearn) A. C. 'The middle school program . 
Chicago: Rand McNally, 1971* 



ERJC . . «' . . • 44 



6 



X 



ERJG 



17. Howard, A. W. , and Stoumbis, G. C. The junior high and middle 
School; Issues and practices . Scra'nton, pa.: Intext Educa- 
tional Publishers, 1970. 



Moss, T. C. Middle school . boston: Houghton Mifflin, 1965. 




Popper, S. H. The American middle school : An organizational 
analysis. , Waltham, Mass.: Hlaisdell Publishing, 1967 

20. Grutin, W. T., and Douglas, H. R. The modern junior high schpo' 
(3rd*ed.). New York: The Ronald Press, 1971. ■ 

21. New York Tj.mes , December 18, 1960. 

♦ ' 

• 22. Hull, J. H. The junior high school is a poor 'investment. The 
Nation 's Schools , i960, 65, 7Q-81. • 

A 

23. Rasmussen, G. R. The junior high .school: Weakest rung in the 
educational ladder. National Association "of Secondary School 
Principals Bulletin , October 1962. ~ — 

\ ^ 

24. Compton, M. F. The middle school: Alternative to the status quo. 
Theory into Practice , 1968,7(3), 108-110. t " 

25. Brlmra, R. P. Middle school or junior high? Background and 
rationale. National Association of Secondary School Principals 
Bulletin , 1969, 53, 1-7. : c 

26. Howard, A. W. Which years in junior high? The Clearing House, 
1959, 33, 405-408. ' * . 

27. Regan, E. E. .The junior high school is dead. ' 'The Clearing 
House , 1967. 42 m . 150-152. . 5* 

28. t Mead,- M. Are we squeezing out adolescents? Education Digest, 

November 1960, 26, 3-7. " — : 

*29. Lowell, R. H., andjtoberson, E. W. The junior high school world: 
A shadow study. National Association of Secondary School Princi- 
pals Bulletin -, 1967, 51, 77-81. . ~* 

30. Bred, p. The middle school: ' Trends toward its adoption. The 
' Clearing House , 1966,' 40(6), 331-333. ' 



♦ 

31. Madon,' C. A. , The middle school: ' Its philosophy and putpose. 
The Clearing House , 1966, 40(6), 329-330. * 

t » 

32. ;Grambs, et al. The junior high school we need.- Washington, 
.EU C. 1, 'Assopiation for Supervision and Curriculum Development. 
1961. , , vi 

« 

33. Howard, A. W. Teaching in middle schools . ' Scranton, Pa.-- 
International Textbook Co., 1968^ 



3^ I ' Eichhorn, D. Middle school developmental age grouping: A needed 
.consideration. In Donald R. Steer (Ed.), The emerging adoles- 
^ cent* Characteristics and t educational implications . Fairborn, 
Ohio: National Middle School Association, 1980. 



^ERLC 



35. Alexander, W. M. Tl»e. junior high school: A changriw view. 
National Association of Secondary School Principals 4 Bulletin , 
1964, 48, 15-24. 

» ' 

36. Conant, J. B. , Education 'In the , junior high years . P^nc^ton, 
tf. J.: Educational Testing Service, 1960. 

37. Goodman r P. Compulsory mis-education . New York:^ Horizon 
Press, ..1964. 0 v 

* * * 

38. .Hart, L. The classroom disaster . New York: Teachers College 

Press, 1969. 

39. Hentoff, N. V&ur children are dying . New York: Viking Press, 
1967. 

40. -Bolt, J. How* children fail . New York: Dell Publishing Co., 

1964. • % - * , • / 

41. Kozol, J. Death at an early 'age . 'Boston; Houghton Mifflin 
Co., 1967. % , 

42. Silberman, C. E. • Crisis in ttie classroom . New , York: R * 
House, 1970, 1" . t 

43. Inhelder, B., and piaget, J.' The growth of logical thinking from 
childhood to adolescence . New York: . Basic Books, 1958. - 

44. Tanner, - t J. M. Growth ■ at adolescence . Oxford: Blackwell 
Scientific Publications, 1962.- ^ 

45. Alexander, -W.* M* , et al. The emqr^ent middle school . New York: 
Holt, Rinehart, and Winston, 1969. 

*46. Bondi, J. Developing middle schools : A guidebook . New York: ' . 

M.S. 5. Information Corp. , 1972. 

47. Cut*, W. A. Middle schools on the- march. The National Associ- 
ation of Secondary School Principals Bulletin , February 1967, 
51, 82-86. 

t 

48. Educational Facilities Laboratories. The Schoolhouse in the 
City * New York: author, 1966. 

49. Gastwirth, P. Questions facing the middle^ school. The Clearing 
^ ' House , 1967, 41(8), 472-75. 



43 

46 



50. Trauschke, E. (Ed.) Development of middle schools in Florida . A 
Report of the special state Committee on the Middle School. '.Talla 
hassee, Fla.^ state Department of Education, 1972. 

51. Alexander, W. M., and Williams, E. L. Schools for the middle 
-school years. Educational Leadership , 1965, 23(3), 217-223. 

52. Gruhn, W., -and Douglas, /H. R. The modern junior high school . 
New York: Ronald^ress, 1947. 

53. Bossing, N/ L., and Cramer, r/ v. , The junior high school. 
* Boston: Houghton Mifflin, 1965; ~~ ! — — 

54. Grooms, M. A. Perspectives on the middle school . Columbus, 
Ohio: Charles E. Merril Books, inc., 1967. 

Combs, A.- w. Humanistic education: Too tender for a tough world. 
4>h4 Delta Kappan , 1981, 6^(6), 446-449. 

56. Trausblike, E. M., and Mooney, p. F. Middle school accountability. 
Educational Leadership , 1972, 310, 171-174. . 

57. Bough, M. Theoretical and practical aspects of the middle school. 
National Association of Secondary School Principals Bulletin, 
1969, 53,. 8-13. * ■ ~ — ~ % - 

^ — — * 

58. Brooks, K. The middle school: A national survey.' Middle School 
Journal , 1978, 9(2), 8-9. v 

Treacy, J. b. What is the middle school? Catholic School Jour- 
nal, 1968, 68, 56-58. \ ; 

Batezel, w. G. The middle school: Philosophy, program, organiza- 
tion. . The Clearing House , 1968, 42 (8) ,' 487-490. 

51. Maxwell, T. Learning characteristics of middle school children. 
The Administrator / 1972,* 2, 9-12. 

♦ 

52- Alexander, W. M. How fares the middle school movement? Middle 
School Jou'rnal , 1978, 9 (3), 19-21. » 

53. Malinka, R. The middle school: Trends and trouble spots. In 
Paul S. George (Ed.), The - middle school ; A look ahead . Fair- 
born, Ohio: National Middle School Association, 1977. 

!4. Di Virgilio, J. .The administrative role in developing a middle 
school. The Clearing House , 1968, 42, 1.03-105. 

i5. Schoo, .P. H. The optimum setting for the early adolescent: 
Junior high or middle school-. Paper presented at the North Cen- 
tral Association, 1973, 23 pp. (ED -086 907) 



59, 



60, 



66. Motrison, W. Good schools for middle grade youngsters ; Charac- 
teristics ,^* practices , ^ and recommendations . Fairborn, Ohio;* 
National Middle School Association, 1978. 

6,7. Toepfer, C. P., Jr. The middle school as a multiple school: * 
means for survival. In P. S., George (Ed.), The middle school : A 
lock ahead . Fairborn, Ohio: National Middle School Association, 

W7. ' * 



68. Epstein, H. T. Brain growth and cognitive functioning. In Donald 
R. Steer (Ed.J, The emerging adolfescent: Characteristics and 
educational implications , Fairborn, Ohio: National Middle 
School Association, 1980. 

69. 'Thornburg, H. Can* the middle school adapt to the needs of its 

students? In D. R. Steer (Ed.)* The emerging adolescent : Char- 
acter istics and educational limitations . Fairborn, Ohio: 
National Middle School Association, 1980. 

70. ' Eichhorn, D. H. The mid&le school . New York: Center for 

Applied Research* in Education^ 1966. 

/ 

. 71. ASGD Work.ing s Group on the Emerging Adolescent Learner. The 
L - r middle school we need . " Washington, D.C.: Association for Super- 
vision and Curriculum Development, 1975. 

72. . Vars, G. P. Guidelines for junior high and middle school educa - 
. tion » Washington, D. C. : NASSP, 19f>6. f 

t . 73. ^ Klingele, W. • E. * Teaching in middle schools . Boston: Aliyn and 
' Bacon, Inc., 1979. * , « ^ 

74*i . Wiles, J>, and Boridi,'J. The essential middle school . Colum- 
bus:* Charles E. Menril^l, t JL981. 

75. McDonald, w/ E., and Tierno, M.^J. From junior high to middle' 

schOQl. Middle School Journal , 1979, \10 (1)-, 20-24. 
• * ■ # 

76. o McEwin, C. K. , , and *Allen, M. G. Facilitating exploration in the 
* middle school. % Transescence : The Journal on Emerging Adolescent 

Education-, 1979, 7/ 5-8. 



77. ErJ>, T. O.'A. and Kilmer, P. To boost t self .concept, open up youi: 
activities. \ Middle School Journal , 1981, 12(1), ,6-7, 21-22. 



- ; 78y * Trump, J. L. Developing* a more dynamic junior high school prbr 
.* gram. ' National Associat4t5Tr ""?f Secondary School Principals 
Bulletin , 1964, 48(290), 129-143. • 

*x * * — * . , 

79.i Georgiad^/ N.* P./ Riegle, J. oT, and Romano, L* What are the 
characteristics of the middle school? National Association of 
<S* ' Secondary School Principals Bulletin , 1974, 58 , 72-77. 

~ ' f ' * # ■ 



45 * 



. . 48- 

V ' . . . *' 



\ 



80. t^unsburyr ^HTT-and-Wsr-GV P. A curriculum for the middle , 
school, years . New York: Harper and Row, 1978. 

81. j Overly,, d. E., Kinghorn, J. R. , and Preston, R. L. * The middle 

school: Humanizing education for youth . WorthingtolT, Ohio: 
. Charles A. Jones Publishing, 1972. • 

< 

82. Swick, K./ and Gatewood* T. Developing a learning climate Which ( 
is . both affective ^na accountable. Mi dale , School Journal, 1978, 

2(2), lo-n. . ' ; 

83. Beahe7\ J. A. To become a miaaie school. Transescence : The 
^ Journal on Emerging Aaolescent Education, 1975, 3, 5-8. 

84., Coopersmith, S.. Remarks maae at the self concept symposium. 
Boston, 1978. i ^ 

85. Neill, G. W. The reform of intermeaiate ana seconaary eaucation 
•in California. Phi Delta Kappan , 1976<, 57 f6) , 391-3941 

86. Fuh* P. Miaaie school ana the priority of doing. Middl e School 
JdWnal , 19J8, 9(4),, 4-24. . 

87. Silvern, S., and Wiles, J. what do early^ldhood principles 
imply for the middle school? Educationar*LeadershiD. 197B. 



88. 
89. 



impxy tor the middle school? Educatlonaf ^eadershin. 19 78| 
35(8), 661-666. ~~ ~ K ' 

Fenwick, J. J. The middle school: Curriculum and organizationa] 
perspectives. Portland, r Ore. : Portland Public~S^hoo'ls', 1^976. 

Alexander, W. M. Alternative futures for the middle school, m 
. t Pa" 1 S. George (Edv), The middle school : A look ahead. Fair-, 
born, Ohio: national Middle School Association7~l977"; 

90. Levenda, T. A. Developing a positive school climate. ' Middle 
■School Journal , 1979, 10 (2) , 8-9.. " : — 

91-. Havighurst, R. j. The middle school, child in comtemporary 
, ( society. Theory into Practice . 1968, 8 (3), 120-122. 

Geprgiady, H. p., and Romano, L. P. Do you have a middle school? 
Educational Leader ship . -M973. 31(3), 238-241. 
f • S 

McDaniel, T. R. Teaching the skills of small group work. Middle 

School Journal , 1980. JJLm. w ? — 

Curtis, T. E-, and Bidwell., W. W. Curriculum and instructio n for " 
emerging adolescents. Reading,, Mass.: Addison Wesley,. 1976. 

Beane, J. A., and Lipka, R. P. Self concept, affect, and institu- 

rinnal r fia i i H m "3nSG — • — 



92. 
93. 



w . „.,«..« uipxa, k. f. seit concept, affect, and institu- 
tional .realities. Transescence: The Journal on Emerging Adoles- 
cent Education , 1977, -Stf 21-29. * — — ~ 



46 



ERIC r \ . ;. 



4,9 



1 - ' . 



-a 



96. .Urbansok-Eads, C. J. Early adolescence: Societal influences on 

self-concept. Middle School Journal , 1981, 12(1), 12-13. 

97. Smith, D. C, arid Wood$* D. Affective factor as motivators in the 
middle schools. Educational Leadership , 1981, 62(7), 527. * 

. 98>. Eichhorn, D. H. Middle school: The beauty of? diversity. Middle 
school Journal , 1977, 8 (1) f '3, 18-19. 

* * * 
99. Kindred, . L. W. , et al. The intermediate schools . Englewood 
Cliffs, N. J.: Prentice-Hall, 1968. » 

100. EichhoYn, D.' H. The emerging adolescent school* of the future — , , 
Now. In J. Galen Saylor (Ed.), The school of the future-rNow. 
Washington, D. C: Association for Supervision and Curriculum 
Development, 1'972, 35-52. v 

101- Williams, E. L. -The middle school movement. , Today 's E ducation , 
1978, 57, 480-481. 

102. Anastasiow, N . , Grimmett, S. A., Eggleston, p. J., and 
O'Shayghnessy, T. E. Educational implications of earlier sexual 
maturation, phi Delta K&ppan , 1974, 16(3), i98-2QJ3. 

103. Van Til, W. , Vars, G. ^ and Lounsbury, J., Modern .education , for 
the junior high years (2nd ed.). New York: Bobbs Merrill, 
1967. \ 

104. Epstein, .H.' T« , and Toepfer, C. F. , Jr.. A neuroscience basis for 
reorganizing middle * grades* e.ducafcipn. . « Educational Leadership , 

* 1978/15, "65.7-58 . 4 .' ^ . . ■> '• 

105. -Gay, G. Ethnic fideriM^y in early ^ adolescence. Educational , 

Leadership 197^7 3518)>* 649r-655. , . " • . * * 

106. Middle Schools Ad Hoc * -Reports * ^HpW^rd^ Cdtmtry c . Board of Educa- 
tion, Col\imbia, Maryland, 19^8/ f r? c t H\ >• *' £ '* « 3 

107. McMaster, D. Imperatives for the 'middle ^clfool?^ teachers who !. 
carel Transesoence : The Journal - on faierging Adolescent Educa - 
tion , 1977, 5, 19-22. , ^ 

108. Noar*, ,G. The junior hig£ school today and tomorrow . ♦•Eifiglewood 
Cliffs, N.J.: prent ice-Hall, 1961. j" A ^> 

-109. Penwick, J. J. Insights into the middle schodl years*. Edtica- 
tional Leadership , 1977, 34(7), 528-535. 'J, 



0 

110. Atkins 



, N. P. Refehinkiro education in the middle. Tfteory into * 
Practice , 1968, 7(3). * . . t% 

» * > 

• 1 • ' yv 



. 47 



111. Arth, A. A. Supporting the crucial decision to more closely match- 
teacher presentation Style with young adolescent preferred 
learning style in middle school. Transescence :- The Journal* on 
Emerging Adolescent Education , 1979, 7* 9-16, 118-119. 

-J 112. Dunn, R. s., and Dunn, K. J. • Learning styles/teach thg styles: 
•Should they... can they... be matched? Educat ional Leadership, 
1979, 36(4), 238-245. ' : C 

113. Curtis, T. E., and Bidwell, 4 W. W. Rationale for instruction in 
the middle school. Educational Leadership , 1970, 27(6), 
578—580. ■* , 

114. Pumerantz, p., and Galeno, R. W. Achieving interdisciplinary team 
teaching. Transescence: The Journal on Emerging Adolescent 
Education , 1973, 1, 26-28. , — 

• • • 

115. Merenbloom, E. Y. Interdisciplinary team teaching: A successful 
-approach. Middle School Journal , - 1979, 10(3). 10-11, 15. 

116. McCarthy, R. J. The ungraded middle school . West" Nyack, N Y • 
Pariar Publishing, 1972. , ' ^\ ' *" 

117. George, $>. FloridaJs junior highs and middle schools: How do 
they compare? Middle School Journal , 1977, 8(1), 10-11, 23. 

Ti8. Cohen, M. ^ Whatever happened to interdisciplinary., education? ' 
Educati6naL Leadership , 1978, 36(2), 122-126. ' 

119. Jurenas, A. C. Junior high to middle school— One school's conver- 
sion. Middle School Journal , 1980,* v 9(2), 26-27, 30. 

. 120. Romano, B. The middle school . Chicago: Nelsdh-Hall, 1973. 

121. Vars,' ,G. F. Evaluating and reporting student* progress in the 
middle school. Transescence: The Journal on Emergi ng Adolescent 
Education , 1976/ 4, 9-13. '■ — 

122-. Warner, L. . A „new look at an" old problem. ' Middl e xSchool 
Journal , 1979. 10(4), 6-7. ' ". 

123. Pavlick, P. Parents as educational partners. Middle School 
. Journal , 1977, 13(1), 4. 

' ' * f' 

124. Lounsbury, J. h. On parent involvement. t Middle School Journal,'' 
1978, 9(2}.. - 

» 

125. Swick, K/j.VHult, R., and Van Hoose, J. Teachers-students- 
parents: They need each other. Middle School Journal , 1980,- 
11 (4) , 3, 24, 26. ~ 

0 

126. Swaim, J. H. The transescent needs a break, too. • Transescence : 

. ZS£ Journal on Emerging Adolescent Education , 1979, 7, 2*1-24. ' 

A. . 

48 ' ,v 

J 



m. • . si 



f 



127. Johnston, J. Ht* and Markle, G. C. What research says to the/ 
practitioner about teacher behavior. Middle School Journal / 
1979, 10(2),^14-15. 

128. Purkey, W. W. Investigating school success : A self concept 
approach • to teaching and learning . Belmont/ Ca. : Wadsworth 
Publishing Co./ 1978. 

129. Wylie, R. The 3 ** self -concept -vol . 2, Theory and research on 
„ selected topics . Lincoln: University of Nebraska Press, 1979. 

130. Beane, J. A. , Lipka, R. P., and Ludewig J. W. Synthesis of 
research on self concept. Educational Leadership , 1980, 
38 (1), 8-4-89. * 

131. Milburh, D., A study of multi-age or family-groetped classroom. t 
- Phi Delta Kappan , 1981, 62(7), 513. 

132. Johnston, *J. H. , and Markle, G. C. What research says to the 
practitioner about instructional questions. Middle School ' 
Journal , 1980, 11(4), 28-30. 

133. LcHmsbury, J. H« Some unsophisticated lessons on learning. 
Trans^scgnce : The Journal on Emerging Adolescent Education , 
1976, 4, 6-8. * . 

134. . Manning,' G. , and Manning, .M. A. Reading: A must in t^e Middle 

school. Middle School Journal , 1980, 11(4^, 16-18. 
° ' * 

135. Merenblootoj E. Y. * A model for teaching, reading in the middle 
school. Middle School Journal , 1980, 11(2), 21-23. 

136. Tovey, D. R. Thought, language and*feading in tfhe content fields". 

Middle School Journal , ,1981, 12(2), 3-5. 
~ ~ — - *' s 

137. Vacca, J. A. Falacies of middle school reading instruction. 
Middle School Journal , 1979/ .10 (4) , 20-21. 

138. Levy, P. Webbing: A format for planning integrated curricula. 
Middle Scho61 Journal , 1980,* 11(3), 26-27. 

139. Heck,* S c . F. Planning: The key to successful interdisciplinary 
teaching. Middle School Journal , 1980, .10(4), 10-12. 

140. Gregorc, A. F. Learning/teaching styles: Potent forced behind 
them. Educational Leadership , 19*79, .36(4), 234-236. 

14L. Fischer, B. 8* , and Fischer, L. Styles in teaching and learning. 
* Educational Leadership , 1979, 16(4) ,-245-254. 

. 0 

142. Hunt, D. Student learning styles : Diagnosing and prescribing 
programs . Restbn, Va.: National Association of S^fcndary School 
principals, 1979. r 

49 



A 



77 



143. 



144. 



145. 



146. 



147. 



148. 



149. 



150. 



151. 



152. 



153. 



154. 



155. , 



Ren 2 ulli, and Smith, I>. H. Learning styles inventory: A 
• meas "" e , 21 student preferences for Instrl^tW technics? 
Mansfield Center, Conn.:, Creative Learning Press, 19787" 

.Dayidman, L. • Learning style: . The myth, the panacea, the wisdom. 
Phi Delta Kappan . 1981, 62(9), 641-645. 

Gephart, J., Strother, D. B'.,,.and' Duckett, W. R. Qn mixing and ' 
matching of teaching and learning styles. Practical applic ations 
Of research. Bloomington, Indiana: Phi Delta Kappa, 198CK 



156. 



157. 



Stein, H. T. A neuroscience framework for restructuring middle 
. school curricula. Trfnsescence: The Journal on Emerging Adoles- 
cent Education , 1977, 5, 6-11. — a - 

Voepfer, C. F., j r . Br.ain growth periodization— A new dogma for 
education. MiddJLe Schcfol Journal, 1979, 10(3), 3, 18-^0. 

Toepfer, C. T., Jr. Areas for further investigation suggested by 
brain growth periodization, findings. Transescence : The Journal 

on Emerging Adolescence . 1979, 7, 17-20. 5~~ 

■»> ' ^ 

Wood, F. f w and Thompson, s. Guidelines for better staff' 

development. Educational Leadership ,' 198.0, .37(5), 374-378. < 

* * 

Fi'sher D. Does organization make any difference really? Trans- 
f C *Zi l> — Journal 2ri Emerging Adolescfi* Education , ~1974, 

Kron, J. Curricular change^ Additional thoughts on how to 
improve teacher performance' in the .middle school. Transesc ence: 
The Journal on Emerging Adolescent Education . 1974, 2, 6-10. 

Haschak, *J. W. 'it happens in the huddle. Middle School 
Journal, February 1979,' 10/(1) , 6-7, 30. 

Bourgeois, G. -P. ' staff development, for the middle school: A 
success story. Middle School Journal' , 1978, 9(3), 6-7. 

Wor' E fS' - The practice ° f supervision in 

Junior high and middle schools. Middle school Journ al, 1973, 
1(3), J.0-11. ; ' 

Lovell, J. et al. (Edfe.) Supervision in Tennessee , A study of 

^?r llZZ* P * i0r l 8 - - teachers ' 2£lil£l£al£7^nT ^uplr7^ri : 
Murfreesboro: Tennessee Association for Supervision and Curricu- 
lum Development, 1976. 

Ritz,,_W C.,. and Cashell, J. G. "Cold war" between supervisors 
and teachers? Educational Leadership , 1980, 38(1), 77-78. 

to ' 

Zahorik, J. A. Supervision as value development.. Educati onal 
Leadership . 1978, 35(8), 667-669. ' • i2B2i 



ERIC . 



50 



53 



\ 



158. Swenson, : and Keys, D. Providing for flexibility in schedul- 
* and instruction , Englewood Cliffa/ N. J.: prentice-Hall, 

1966. 

159. Goldsmith, E. L. * Independent study (ipK the junior high school. 
Educational Digest , 1965,^0^ 40-42. 

c > 

1 Bibliography - | 

Alexander, W. M. The junior high: <A positive view. National Associa- 
tion of Secondary School - Principals Bulletin , 1965, 49 , 
276-285. 0 

' * r 

Alexander, W. M. A survey of organizational patterns « of reorganized 
middle schools . Final* report No. 7-D-026.' Gainesville: Univer-,. 
sity of Florida Press,. 1968. • * 

Alexander, W. M. The new school in .the middle. Phi Delta Kappan , 
1969, 50, '1)55-357. 

Alexander, W. M. Report ^of^th^ NMSA qpmrnittee on future goals and 
. directions. v Middle School Journal , 1977, 1(11) , 16. " 

Allen, H. A. In search of^a school: The ninth grade. Clearing 
House , 1980,53(5), 229-230. * > % 

Arth, A.' A., and-Rerucha, P. M. Decoding the profile of the middle 
„ years educator. Transescence ; The Journal <jn Emerging Adolescent 
Education , 1977, 5, 27-30* ' , ' * - 

Association for Childhood Education. Intermediate education : Changing 
directions^ . Washington,,, D. C: Association for Childhood Educa- 
tion International, 1$65. 

Bjaughman, M. D. Administration of the junior hjLgh school . Danville* 
111.: Interstate Publishers, 1966. • / 

Beane, J. A.,i ^and Lipka, -R.' P. Enhancing * self coocept/esteeij in t!$e 
middle school. Middle ' Schopl Journal , August 1979, io (3)* 
4,20, 2K *' > "*» 

Bondl, J. Addressing the issues: The middle school, a positjtae change 
in American education. m In Paul S. George (Ed.), Tne middle 
school : A look ahead * Fairborh, Ohiof , Rational Middle School 
Association, 1977. * * 

Bough, M. E. s The intermediate schools: ' The junior high and the m middle 
school. - Education Digest , 1973, _39, 25-27. 

Brookover, W. Patterson, A., and Thomas* S. Self concept of ability 
and school achievement. U. S. Office of Education, Cooperative 
Research Project No. 845. n.d. ' j 



4 



54 



Br0<3 '43^), 5t-53 m 2. ddle Sqh<>0i ^ ' P ^ aCtice - Clearinq House , 1969, 

Brown, F. Five »R's» for middle school t Strategies for teaching 
affecUye education in the schools, Fairborn, ehioT" National 
Middle School Association, 198oi / 

* * 

. Brown, W. Providing success': • A challenge for learning.' Middle. School 
Journal, 1*79, 10(2), 5,31. ' ■ pcnoox 

Buell,..C, E. Ah educationaJ^ationale fo*'the middle school. Clearing 
House, 1967, 42(4), %42-244.< , earing 

' " ' • I * ' 

Bush, p i. The junior highr. student; 1944-19^ National Associat ion 
- o£-S,econdary, jgh_oaL _Px incipals Bulletin ,,- April l^, 49, 50-55, 



^ P ™, F i976 T , h ' e 6, m 3- d 5 le ^ ' A VtAuS '"^^ ^ SSOl 

Compton, M F. A source' book for the middle school. Athens, Georgia: 
Education Associates, 1978. " 

^mid^^lf i' 6 ^ d > fferencess * comparison of junior high and 
middle schools, 1972. National Association of Secondary Lhool 
Principals Bulletin , 1971, 56, 9I-9T 

Drash, A. Variations in pubertal' development and the school systems: A* 
problem and a challenge-. - m Donald R, Iteer (Ed.), The emerging 

• adolescent s Characteristics , and educational omplicatlo^sT TaT?? 
born, Ohio: National Middle School Association, "i^sT i 

Dunn, R. and Dunn^K. Educator's self- J^chin^ .guide to industrial! 2 - 
' Colp a'ny " a1 , w $st Nyack/ N.Y. : .paTker Publishing 

EdUCa |i^,T 9 7" Ch SerViC6 ' ^ SUTOnarv 2f Research on Middle 
TS^S^S.!^^"^/ A new dimension, Theory 
Eichh^n^ ^^^l^scHool in the makin?^ Edjicational Leadgrshi£, 

EiChh °"' D ' L The school, in Toward' adolescence : The middle school 
^ears. Seventy-ninth Yearbook, Rational Society f^ ThTTtudTof 
Education, Part 1. Chi cag0 : University of Chicago Press, 198 0, 

EiSne li(8 E ), W 615-65l imPQVerfShed mind *- ^tional Leadershifi, 1978, 



Ellis, S. 'Sv Models of teaching: A solution to the teaching style/ 
learning style dilemma. Educational Leadership 1979, 36 (4) } 
274-277. , - * 

Epstein, H. T. ' Growth spurts during br^ain development: Implications 
for educational policy. In J. S. Chall and A. F. Mfrsky a (Eds. ) , 
1978 yearbook of the National Society for the 1 Study of Education , 
* (vol. 11). Chicago: University of Chicago Press, 1978. 

Fox, J. H., Jr. Middle school: Surviving, rfefining and growing in the 
future. In Paul S. George, (Ed.) The middle school : A look 
ahead . Fairborn,* Ohio: National Middle School Association, 
1977. * 

~~ 

Gatewood, T. E. What research says about the junior high school versus 
the middle school. North Central Association Quarterly , 1971/ 
42(2), 269-276. 

Gatewood, T. E. What research says about the middle school. Educa- 
tional Leadership , 1973, 31 (3) ,* 221-223. 

Gatewood, T. E., and Dilg, C. The middle school we need . Washington, 
D. C: Association for Supervision and Curriculum Development, 
1975. 

George, P., McMillan, M. , Malinka, R. , and Pumerantz, P. Middle school 
teacher certification: A national survey. Educational Leader- 
ship , 23,(3), 1975, 213-216. . , 

George, P. S % (EcU) .» The middle school: A look ahead . Fairborn, 
Ohio: National Middle School Association, 1977. 

Georgiady, N. P., and Romano, L. Growth characteristics of * middle 
school children: Curriculum implications. Middle School 
Journal, 1977, 8(1), 12-15,22-23. 

Goldsmith, E. L. Independent study in the junior high school. Educat- 
ional Dige st, 1965, _30, 40-42. < * 

Goldstein, W* Problems in team teaching. Clearing House , 1967, ^42, 
83-86. < J 

Grady r J. Subgrouping *for success: - A facilitative process for struc- 
^ tured middle schools. Middle School Journal , 1979, 10 (4) h 
10-11. 

« 

Grady,. M. , and Luecke, E. Education and the brain . JBloomingtoni 

Indiana: Phi Delta Kappa, 1978. 

Hall,' G. S. Adolescence : Its psychology and its relations to physi- 
ology , anthropology , sociology , sex , crime , religion , and educa- 
tion . 2 Vols. New York: Appleton-Century Co., 1905. 



53 

56 



Ravighurst; R j. Lost innocence: Modern junior high youth. Nationa l 
Association of the Secondary School Principals Bulletin, 1965, 
.49 (300), 1-4. , ' 

H0 ^79/^ 2 )ri2-13 S . killS5 ' th " 6 ^' S - ^rnal , 

HOWel il^* -? strate 9y for furthering the middle school movement. 
Middle School Journal , -1977. 8(4)', 6-7." 

Hull, j. h.' Are junior h igh Schools • the' answer? Educational Leader- 
ship , 1965, 23 (3), 213-216. » v ~ 

— » » * 

« 

Hunsaker, j., and Roy, W. The groGp-centered- classroom: Alternative to* 
individualized -.instruction? Educational Leadership , 1977, 34 
(5) 9 366-369* - • — 

James, M.' A. 'An interaqtive model: Three theoretical constructs* 
related, to preadolesceht development and their educational implica- 
tions . - m Donald R. Steer <p&.) , The emerging adolescent : 
characteristics and • educational limitation J sT ~l^irh Q rn. Ohio? 
. National^ Middle School Association, 1980. 

'Johnson, M." Tasks for the school in the middle. In Toward adoles- 
cence: The middle school years , Severity-ninth Yearbook "ofthe 
National. Society for' the Study of Education, Part 1. Chicago: 
University of Chicago^ress, 1980, 313-318. 

Johnstdn, J. H.,' and Markle, G. 'C. Evaluation .programs for young adoles- 
.cents: An .unconventional approach. Transescence : The Journal on 
' Emerging Adolescent Education , 19*79, 7, 13-16. - ~ 

•Johnston, J. H. , and Markle, G. C. ' tfhat'research says to the practi- 

1 ,°?f r .f° Ut cla ' sfe,:6om ^ ou PS- . Middle School Journal , ,1980, 
11 (1) , 22-24. * 

• \ . ' 

Kindred, L. W., et al. The middle echool curriculum : A practitioner's 
handbook. Boston: Allyn and Bacon, 1975. ~ 

Klaqsmeibr*; M. J. IGE 9 in elementary and middle school. Educational 

Leadership , 1977, 34,(5) , 330-336. . . 

* ' ' ■ ' . 

Klmgele, W E. The effects of in-service programs on middle school 
education. Middle School Journal , yJ977. 8(4), 4,21'. 

Klirtgele, jC E. , and Siebers, R,\s. Vhe uncomfortable middle school. 
Clearing House , 1980,^53(9). 

Layach, j. F., and Lanier, H. B. . The motive to avoid success iri high- 
357-358 9 91rlS ' 7 ~ 12 * .~ * aPr>an ' I976 ' SM). 

' : \ s . : % • 



Leeper, R. R. Middle school in the making, . Readings from Educational 
Leadership , Washington, D. C: Association for Supervision and 
Curr^ulum Development, 1974. a , 

Lipsitz, J, < Growing up forgotten , .<New'York: Pord Foundation, '-1977. 

\ 

Lipsitz^, J. Barriers ; A new look at the needs of young adolescents . 
•New Yo^k: Ford Foundation, 1979. 

Lounsbury, J. H., ^nd Maranl, « J. V, The junior high We saw ;. One day 
in the eighth grade . Washington, D. t:. ^ Association £6r Super- 
vision and Curticjjlum Development, -1964. ' ' 1 

Lounsbury, J. H. Middle school "shadow study" research project, Unpub- 
, lished manuscript. 197T. . , 

Malinka, R. M. Teaching in .the middle* school: Implications concerning 
certification and function. Junior High Middle School Bulletin , 
1971, 10, 1-6. • 

Maynardr~~G. Cognitive growth and development of the. middlescent 
learner. In Donald R. Steer, (Ed*)/ The emerging adolescent ; 
^Characteristics and educational implications . Fa^rborn, Ohio: 
National Middle School Association,' 1980. 

McEwin, C. K.^ The middle school: An institution in search .of teachers. 
In Paul S. George (Ed.), The middle school :' A .look ahead . 
Fairboun/ Ohio: National 'Middle School Association, 1977.* 

McGliason, M. The middle school:* Whence? What? "Whither? Blooming- 
'ton, Indiana: Phi*Delta Kappa Educational Foundation^ 1973. 

McQueen, M. Rational^ of the middle school: Not just another label .for 
junior high. Education Digest , 1972, ^37, 10-13. 

Mead, M., Early adolescence in the United States. National Association 
for Secondary School Principals Bulletin , 1965, ^(3000 * 5 J 10.- 

Mellinger, M. y and Rackauskas, J. A. Quest for 'identity : National 
survey of the middle school , 1969-1970 . Chicago: Chicago State 
* College, 1970. 

•« ° - 

Meyer, J.„A. ' Group*~grope: Problems of team teaching. Clearing House , 

19"S8, 42, J62-364. 

» v ■ L 

Moss, T. C. Characteristics of* a good middle school. National Associa- 
\ -t^ion - of-Secondary-Schoo^ Pr incipals Bulletin , 1971, 55 r— 71-74. — 



Moss, T. C. The 7-9 junior high school may triumph after all/ 
♦ National Association of Secondary School Principals ' Bulletin , 
1974, 58, 82-85. 

' . V 

Murphy, 3T. • Middle schools . New York: Educational facilities 
Laboratory, 1965. . 

«* 

55*—. 



NASSP Committee on Junior High School Education.' A statement. 

?l!r onal . ASSOciation 21 Secondary School Principals Bulletin, 
1967, 51, 68--70. . ~ 

National Science Foundation. . Early adolescence :^ Perspectives and 
recommendations. Washington, D. c«"t U. S. Government Printing 
Office, 1978. • 

« 

Nickersori, N. C. Junior high schools are on the* way #it/ Danville, 
111. I Interstate Publishers, 1966. ' &~ 

Organization for the Essentials of Education on The essentials of educa- 
tion. The Middle School Journal , 1980. 11(12); 8-9. 

Overton, H. The rise and fall of the core curriculum.., Clearing House, 
1966, 40, 532-537. ' . v * 

^ * 

Pankow, F., and Pavlick, P. P. Parent involvement—Two views. Middle 
School Journal , 1978, 9 (2), 4-5. r ■ 

Popejoy, W. D. 'Piaget and middle school" teaching.-, 'm 'Donald R. steer 

(Ed.), The emerging adolescent :- Characteristics and educational 

* m P* lcations - Fairborn ' Ohio: National Middle SchocTAssociation, 
1980 • 

Popper, .s. H. Reflections on a troubled institution. National Associa- 
lion of Secondary School Principals Bulletin , 1969., 53, 118-1297T" 

1 1 ' 

Pritzkau, P. T. Curriculum trends in junior high School/ High School 
Journal , 1966, 50, 137-146. - * " . 

' v 

Pumerantz, P. Relevance of change: 'imperatives in the junior 'high and 
^ middle school dialogue. ^Clearing House , 196J3, 43/4]), 209-212. 

Purkey, W. W. Self concept and school achievement . Englewood Cliffs 
N. J.: „ Prentice-Hall, 1970s .. ! ' 

Report of the Committee of the National Cduncil on Education on Economy 
of Time in- Education. James H. Baker, Chairperson. U. S. Bureau 
gf Education Bulletin,' 1913, 38, 26-27. Washington" d7~c77 
0. S. Government Printing-office. 

Romano, l. President's' page. Middle School Journal , 1979., 



10(1) 



Sand6 "°' G * cha Henge of .the middle school. Educational Forum, 
32(2), 19l7l97.« ' ~T~ 

?Chei ;' 0 f' M ' a f M * P * classrooms Wthe^aiddle school . 
West Nyack, N..Y.: Parker Publishing Company, ~$7TT ^ 

* ' , 56 • . 



V 



Schweers/ R. R., Jr. Comments on a two-dimensional view of cognitive 
v .ability* In Donald R. Steer (Ed.), ^he emerging adolescent: 
Characteristics and educational implications ; Fairborn, Ohio: 
National Middle SchpoX Association, 1980. 

Sinks, T. r . et al. ■ The middle school trend: Another look in the upper 
midwest* Clearing House , 1975, 49(2), 52-57. 

Stoumbis, G. C. , and Alvin, W. H. Schools fcfr the middle years : 
Readings . Scrantori, pa.: International Textbook, 1969. 

* v 9 

1 Sweeney, T. J. Adult models for' the emerging adolescent, paper pre- 

\ 4 • pated for the Council on the Emerging Adolescent Learner of the 
\ Association for Supervisionign d Curriculum Deve lopment, Washington, 

D. C. f 1971. ' 



9 

ERLC 



JJgefcson, G-. and Keys, D. providing for flexibility in scheduling and 
' instruction Englewood Cliffs, N. J . : prentice-Hall, § 1966. 

w * 

Taylor, P. H. Science education: A societal • imperative . Clearing 
House , 197$, 51, 281-285. 

Thomas, J. X. Options for learning: A process for accommodating indi- 
vidual differences. Educational Leadership , ,1977, . 34 (5) , 
346-350. 

Thornburg, H." Can the middle school adapt to the needs of its students? 
fn D/ R. Steer (Ed.)* The emerging adolescent : Characteristics 
and educational - limitations . Fairborn, Ohio:, National Middle 
School Association, 1980. 

Toepfer, C. F., J,r. Must middle grades education consist of cast-offs? 
Educational Leadership , 1973,^31 , 211-213. 

Toepfer, C. Curriculum planning priorities' for the middle school. In 
Robert Leeper (Ed/) t% Middle school in the making . Washington, 
D. C: Association for Supervision and Curriculum Development, 
1974. 

Toepfer, C. F., and Marani, J. V: School-based research. In Toward 
adolescence : The middle school years , Seventy-ninth Yearbook of 
the National Society for the Study of Education, Part 1. Chicago: 
University of Chicago > Press, 198.0, " 269-281. 1 

TroXel, V. A.* Curriculum up-date:. Junior high/middle school science. , 
National J Association of Secondary School . Principals Bulletin , 
1974, 58, 102-106. . ~ 7 • , 

Trump, J. L. Dynamic junior . high-middle-ihtermediate schools. 
National Association of - Secondary School principals Bulletin . 
1974, 58,' 1-^ 

Tumfeugh, R. C. The middle school: A different name or a- new concept. ( 
Clearing House , 1968, 43(2)', 86-88. 

f 

57 

* * *. 

r % 



Vars, G. F. Change and the junior high sch 
v shi£ f 1965, 23(3), 189. 



Vars, G. P. can team teaching save the core 
. . Kappan , 1966, 47, 258-262. 



Educational ^Leader - 
curriculum? phi Delta 



Vars, G. P. Emphasizing student involvements A^ey to^the future. In 
Paul S George. (Ed.), The middle school : A lookWad. Fair- 
born, Ohio^ National Middle School Assoc iatio7i,"T977^~ 

Wattenburgr W.' A. The middle school as one psychologist sees it. High 
School Journal , 1969, 53, 164-171. — *" 

Wiles, J. W. The middle, school: 'issues a'nd action plans. In Paul S. 
George (Ed.), The middle school :, A look ahead . " Fairborn, OhioY 
National Middle School Association, 197?! \ • ^ 

Wiles, J. H. • Thomason, J. Middle school research 1968-1974: A review 
"421-423f tantial Stu ? ieS ' MHcational Leadership : 19.75, . 32, 

Wrl *Mrf? , .i Blocjc-time classes and the core program in the junior . 
Jpgh JchoojL. IT. S. Department of Health, . Edu^a^nr a^Welflrl 
Bulletin, 1958, No. 6. Washington, D. C. : u. S. Government Print- 
ing Office, 1958. 

^'H^-f'T E f feC u- UP T Students of to ^y' s s «ence education. Educa- 
tional Leadership , 1978, 3£, 48,0-4817^ — 

Ya9er ' ^ In "° Va }* 0nS in jun ^° r high scienceXln Stoumbis, G. C, 
sSrtnton ; ' T d EdS - ' Sch °° 1S & "»iddie years : Rfeadings 
Scranton, Pa.: International Textbook, 1969, 431-^4367 v 



- i 



ERIC 



58 



61 



SECTION II ' ANALYSIS OF M'AJOR COMMITTEE REPORTS WITH RESPECT 
TCf MIDDLE AND JUNIOR HIGH SCHOOL SCIENCE INSTRUCTION" 

CHAPTER 1 , * 

GOALS EOR SCIENCE TEACHING IN MIDDtE AND JUNIOR HIGH SCHOOLS . 



■ - ■• / • - 1. ' • . 

Goal© and objecti\/e£ represent t*he direction and foci of educa- 
tional efforts in science, ttfie expected changes in the potentialities, 
proficiencies, and attitudes of students^who ehter the process. In this 
sense,, goals represent the commitment and role of .science teachers. V ( 
poais presamably provide criteria for selecting and organizing ^uljject 
matter .as well as for assessing educational benefits from schooling. 
They are* the conditions needed to maximize c the desired returns from 
instruction. Under the best circumstances, all policy and practiqal 
decisions are made in terms of the conceptual framework that harbors the 
•arifay'of science educational goals. ,« 

In* examining the ^information f rom * the three NSF^status studies 
relative to goals, -we found it necessary to consider implicit as well ete 
explicit information. This attests to the difficulty of identifying the 
goals of science ^aching as e5 *they are expressed in educational ^litera- 
ture and Reflected in teacher practices and the curriculum. In addi^ 
tion, teache&s sometimes st^Jfce 'they are supportive of a gpal, such as 
inquiry, but fail to use learning * activities that provide students a 
reasonable* expectation of attaining the goal. Thus, we have " teaching 
•goalp^that exist more in theory than in practice. 



7 

v 



Socializing Goals 



Teachers &nd -educational specialists of ten *do not interpret the use 
of goals i1n the* same* way. *Most teachers tend to think 'of goals and 
objectives in terms of- "socializing" the students (lg:24), Socializa- 
1 tion is the process o£ , bringing students into an acceptance of the 
customs, standards, and traditions of schooling,, Socialisationvincludes 
abtive cooperation with the* system, not rebelliousness <Ig:26.3). The 
subject* matter of science-* frequently is used to create order in the 
class* and maintain teacher control (lj:5). mH fhe teacher's goal is to 
help' students accommodate "the educational system as it is for their own 
benefit, and for the teacher\s benefit" (lg:26.3). Teachers are mostly 
concerned with the circumstances of their own classrooms (lg:12) and the 
emphasis is on working hard,, keeping - busy, being, polite, competing, 
aspiring to improve, working independently, and preparing for things to 
come (lh:25). Essentially, the goal is to produce the "good" student 
(lj:4), to encourage "poor" students to work harder (lg:15,16). Good 



students get good grades (lc:18). "Good grades" mean_that the student 
is being prepared tor. the next rung in the educational ladder 
(lj:4*lg:21,24,35) and, for the very best students, entrance to college 
(lc:18). A major complaint of middle and junior FTTgh- school science 
teachers is that students come to them from the elementary -schools 
poorly prepared and lacking motivation (2:182). 

Subject master is determined By N how it sustains . and protects the 
teacher, in the social System of , the class (lg:23), more so than by its 
validity in academic terms (lb:18). The goal, of learning is the devel- 
opment of skills for acquiring information from the textbook (lj:6), and 
students learn best by successfully carrying , out assignments (lg:12). 
Science teachers apparently are more oriented toward" socializing func- 
tions than toward subject matter or students (lg:3). Though the 
emphasis ir\ the science curriculum 'reform movement of the' 1960s and' 
1970s was "to know the structure of a discipline"- (2:182), this goal is 
not commonly accepted by, teachers. ^ 



Knowledge Goals 



-The__science curriculum of the schools is regarded as * a set of 



vul i. xou^um wt unc ouuuuio is regarqea as a set or 
knowledge and skills rooted 7 in, the academic disciplines (lj:4, 2:182). \ v 
Of the 23 states that have- established science goals, 17 list* the .'major 
goal 0 to be acquiring "facts, concepts; and , principles" of science 
(2:173)^ 'The selection and conceptual organization of the subject 
matter are .functions of ~ the textbook or worksheets rather than ' of 
teachers or^students (lg:21). "Teachers argue there should be a -signif- 
icant body of learning at every grade lev^J. which is difficult, which 
may "not make much sense at ,the time/ but which has to be learned by 
every student" (lg:16). The; primary responsibility of schools is 
academic, and teachers feel it should continue to be so (lb: 18). In 
this vein, cognitive achievement is viewed as increasing one's factual 
j 1- knowledge and, ultimately, one's ability to make better scores on 
achievement tests (lh:26). 4 ' " 

The validity of the subject matter tor the factsf to be learned i*fa 
' . . faction, of the instructional materials. There is a strong philo- 
0 sophical bias toward the authority of book learning *(lf:61). Over' 90% 
of a sample of 12,000. science teachers stated their instructional ' 
materials were the heart of their teaching .curriculufo 90% to 95% of the 
time (Id: 66). The textbook is accepted by teachers; they seldom 
criticize the book they are using, and most teachers state they are not 
concerned about the "philosophy" of their subject. Teachers often 
appear to use subject matter to demonstrate their personal competence 
and to control and impress students (lg:7). 
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Inquiry Goals . % ■ 



In spite pf the , efforts of same science educators^to keep alive the 
idea of inquiry as a goal of science teaching, therV is very little 
inquiry to be observed in schools (lc:,l,5); inquiry as -a goal has a low 
priority (lc:ll); most of what passes for. inquiry occurs in. the elemen- 
tary and junior high schools (lg:31)» Principals of grades 7 through 9 
were surveVed. It was the judgment of 73% of tfiem that' less than^25% of 
instruction time in science-JLs spent oh inquiry (li:68); the median time 
was about 10% (lg:31), A majority of teachers' stated they do not use 
"inquiry teaching" because -students rare unabte. to ^arry out inquiries, 
or ^inquiry' is too difficult (li;68).'- /Teachers were *npt confident they 
could make systematic inquirers of students (lc:4, li:68) • They stated 
that inquiry teaching does not seem to work but* for the very 'brightest c 
(lc:7). A fourth of the .teachers stated ; they do not v have the materials 
or supplies to carfiry on inquiry/d^spovery teaching^ (lgs31',li:68) . 
Others feel that "it Is too hard to 'al^ st(i|3ents " enough^ of the right 
qjiefef;ions" to make inquiry teaching-fcf f octitve, or «that students "are too 
likely^to <goof-off" (li:68)^ * "* • # - ** 



For whatever reason, there "is very little inquiry teaching.to.be 
observed in schools flg:30)* A basic problem* se$ti$ to be that- teachers 
do not know how to, implement 0 * discovery/inquity a^^pach to # teaching 
(3:144); they alto^jCity) inquiry teaching threatening** (lc: Though 
inquiry teaching is little, evidenced * in* sfchools, .moSt teacfi^rs are of 
the opinion there has been too mbch emphasis* on discovery^learni^n^, 
hands-on activities and field studies, and. thattf £ime spent on these 
activities did not serve the learner sufficiency yell as he-; or she 
moved'* into another ,grade (lf:4). Understanding subject matter and being 
able to read intelligently, not Inquiry, are viewed as the best prepara- 
tion for the next, learning experience (lc:3). Knowledge is interpreted 

Has knowing the meanings of words/ relationships among concepts, and 
steps to go through to solve problems (1C:3). Independence of thought 
(lg:23.3) and qualities of good thinking (lc:l)' were regarded* as more 
the student's business then 4 the school 1 ^. Student inquiry and indepen- 

_dence of jthought were of ten Seen ;^as things^ one wishes for but which 
teachers should not^allow to happen without pupils "first knuckling down 
to the dull, intricate lessons, first earning the right to express^ an 
opinion" (lg:26.3). Teachers negleGt inquiry teaching f<5t another 
reason — inquiry as a process is not included on standardized tests 
( 4 2:158,lc:3). • * \ 

There are other problems that have served to influence the lack of 
ihqu|ry teaching as conceived by the curri culum developers of the 1960s 
and ^ 1970s and by science education specialists. Teachers follow a 
nineteenth century, view pf the ^"scientific method" , as defining a 
problem, forming a' hypothesis, deducing observable consequences, and 
listing conclusions* The "messing about," "scuffle tyith nature," "handsr 
on," or an aesthetic appreciation of scientific inquiry is not prevalent 
(lg:7,8;lc:6,3) . Science teaching in schools^ does not aim to develop 
an appetite for submitting beliefs * to an empirical test (lc:9). 
Students -react to scientific inquiry as being too abstract, too irrele- 
vant to life's problems (lc;9). Furthermore, the diffuse nature of*the 
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inquiry goal has failed to gain public . support (lc:l). >While inquiry 
remains a frequently stated aim of most science curricula, it is seldom 
found »as a teaching practice (lc:5). 



Science/Social Goals in General Education 



> 



These goals broadly include those that represent "general educa- 
tion" or "scientific literacy," in contrast to career goals or 
preparation for the next level of schooling. Sqience/social goal_s_ are 
sometimes described in terms of "science for the citizenv^Th/se* 
goals directed toward closing the gap between -scientific progress and 
social adjustment and indicate something of the value people attach to 
the learning of science. Increasingly since the early 1970s, the 
literature on the teaching of science has referred to goals related* to 
the impact of science and technology oh society (2:185). Over 75% of 
parents, school superintendents, and science teachers state they believe 
• science education can influence the growth of technology *in our 'society,, 
as well as the economy and quality of life, and they u suggest the schools 
should try to do something along these lines (lj:8). A questionnaire 
sent to 150 school superintendents asked whether they though a lack of 
emphasis on science teaching might influence the growth of technology in 
our ^society, the economy, military preparedness^ and the "quality of 
life" in this country, and^J75% of the respondents replied ^yes" (57% 
"yes" for military preparedness) (lh:20*). However, 50% of the superin- 
tendents ■ avoided ansWerVg this section of the questionnaire *(lh:20). 
When teachers and school Counselors were asjced whether there should be a 
major >effort to increase^ "scientif ic literacy," nearly all the teachers 
and 87% of the counsels responded positively (li:8$). Over half of 
the students queried^re in agreement; a third stated they did not know 
what "scientific literacy" meant (li:85). 

If the question of science/society and "scientific literacy" goals 
are explored from the context of g ener al education, we find a confusing 
picture. There is a "broad commitment to science as a part of general 
education in the schools (lc:41). It is most likely to be interpreted 
as "minimal competency" or "functional literacy," but not in the sense 
of a person who understands* interprets, and can- make critical judgments 
on science/social issues (lc:41). Nor is geperal education, interpreted 
in th§ sense of -understanding the world and oneself, or. in terms of , the* 
meaning of science for human life and living (lc:41).- The, general 
education goal, while held to be important in schooling, is not observed 
^>-be-ach^teved^(lcr^)^— What is found is a discipline-centered, curric- 
ulum taught in an authoritarian manner (lg:6), although some environ- 
mental education programs do endeavor to present science in the context 
of "the life worth living" (lc:43).. 

The apparent contradiction in school policy of 'affirming the 
importance of general- education in science on the one hand and neglect- 
ing to implement the policy on the other, requires^ more extensive 
analysis. of the 23 states that have identified goals for science 
teaching,- only three list "science-society interaction- as a ■ goal 
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(2:173). Six states list goals related to appreciation and attitudes 
.toward science, and;six list self-and-environment objectives as purposes 
of general educations (2:173). Many elementary school teachers were 
encouraging the observation of natural and. social environments, £ut' few 
were developing conceptualizations* (lc: 1) . General education goals for 
science teaching in the. junior high school were not felt to be vital by 
teachers or parents (lj:24). In fact, general education in the sciences 
is downgraded by teachers (lg:17). They claim that deeper understanding 
of science for mature thought is a provocative idea, but one that lacks 
empirical substantiation (lj:24). "Scientific literacy" is something 
thai: depends on local circumstances and value patterns • (lj : 24) . 
Furthermore, "scientific literacy" is not something test^)le with a 
single 1 standard on a universal-scale-- fl3-:-24-b — In -other -schools?* general 



education courses in "science are interpreted as those elective courses 
designed to "popularize" science, suph as oceanography,^ ecology, 
environmental or ecological studies, and space science (lc:43). 

General education in the, sciences as preparation for future citi- 
zenship is most often thought of by school personnel as dealing with 
career preparation, not the future of the social order (lh;21]>. Over- 
all^ in the sites at which classes were observed, science waS seen as 
Jiaving a rather limited value or importance in the education of all 
students (lj : 24, lc: 20) . For most students, the goal of "understanding 
the world in which we live" is viewed as remote and impractical (lh:J9). 
This may be one of the reasons students do not enroll in science courses 
unless they are required (lh:19). Teachers are inclined to avoid sci- 
ence topics that are likely to cause them "social discomfort" (lg:23) or 
'may upset expectations of the coramCtnity (lg:25). * 

During the middle or junior high school years, students are pro- 

Essively segregated into "fast" and "slow" learner groups in science, 
only occasionally Jls a voice raised to state that science is of 
efit for everyone (lc:l). For each of these subgroups, specific 
rather than general educational goals are set (lc:p. Under this condi- 
tion, a general education concept of science is conceived as something 
for students not in a GOllege preparatory or a vocational track (lc:4l). 
General eduction in science is for the "less able and/or unwilling" 
(lc:42). In other schools, an opposite position is. taken; science 
courses that deal with the'tot;al environment $nd the world of ideas are 
reserved for .an elite group of students who have done well with the 
"basics" and the acquisition of- subject matter (lg:16,17). The core 
value, of science in many schools is excellence in specialized knowledge; 
the relationship of this knowledge to the larger society is minimized 
(lf:4). " ' ; ^ ' ! 

The general education curriculum in science is conceived as courses 
in general science, life science ^ physical or earth saience, and some- 
times general biology (lc:42)^ General science courses are promoted as 
courses with an "emphasis^ upon things useful in- everyday life* (lc:45): 
a potpourri of things that are nice' to. Jcnow (lc: 42) 'and, contain few or 
no abstractions. One-sejnester and mini-courses (6 to 8 weeks in* length) 
are sometimes designed to simulate* general educatibn courses such as 
horticulture, ecoscience, space science, or environmental studies 
(lc:43,44f: * • 

' • • ,3 - ^ • •? 
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It is apparent that "science for the citizen" or "scientific liter- 
acy" has many different meanings in the schools (lc:46).* Whatever these 
perspectives might {nean as a goal of general education, it is nqt evi- 
dent that the goal is achieved (lc.43). 



^ Values as Goals " 



\ 

There is^a trend in the rheWicon science education to emphasize 
values as they relate to a positive "self-image; self-fulfillment, and 
personal values (2:164). Some% attention arlso is given to' teaching the 
values of science as a contribution to thinking, problem solving, and 
preparing for the^ tasks of life <lc:26). Some teachers do transmit 
values (lcs33), and others have the impression that an emotional 
involvement with a topic is about the same as an ethical value (lg:30). 
These are not the value concepts idealized by science education special- 
ists (lc:33). Most teachers reject the idea of linking science and 
social values, preferring the postivistic, value-free research, ideology 
taught in most university science courses (lg:19). Teachers recognize 
the potentiality of trouble in dealing 1 with, value-laden questions \and 
steer away from £hem (lj:14). There is not much discussiqn of social" 
values, and any debate that might arise is curtailed by £ reluctance "to 
get off the subject" lh:23'). One exception to this practice is found in 
considering "life worth living" issues found in environmental education 
courses (lc:43). ' 

:.'•»• 

>. 4 

Career Education as a Goal of Science Teaching 

Career^ education as a goal of instruction from the elementary 
through the Secondary school was brought to .a focus by a series of 
Congressional Acts and federal funding beginning in 1972. Prior to this 
time, a number' Of career-oriented educational activities and the devel- 
opment of instructional* materials took place in the U. S-. Office of 
Education. in 1972, the responsibility for research on career educa- 
tion was transferred to the National Institute of Education. ' To 
strengthen career education in schools, % Congress passed and the 
President signed into law the National Career Education incentive Act of 
1977. The intent of these federal activities was to make career educa- 
tion an integral part of schooling at all educational levels (4) . 

The 1979 public school Gallup survey of parents of teenage students 
found that only 20% of these, parents»felt their children were receiving 
adequate career guidance (5),. % Parents speak highly of the vocational 
aim in schools; however, they are not convinced the aim is achieved 
(lc:24> 4nd they want schools to. do' better, -(lc: 25) . This implies that 
science teaching must reflect concern for, and awareness of /'science- 
related careers to be consistent with parental desires (2M60) . Nearly 
two-thirds* of parents and 59% 6f school superintendents feel that 
sconce courses should be aimed more than, the? are toward vocational ' 



64* 



67 



goals, but only 31% of science supervisors (grades 7 through 12,) agree 
(li:43). A number of states identify career education among the top ten 
educational goals or priorities (2:159,160) ^ * . 

providing a strong program for those students who will become the 
nation's" future scientists is not a high ^priority in school systems 
(lcll), -Only occasionally aire students ' counseled into careers. ^in 
Science (lc:.25*). For the most, part, counselors see as their primary 
responsibility the placing of students in tracks, and they ' find that 
heavy counseling demands leave little' • time for long-range career 
planning "(lc:25a). With the practice of identifying and guiding* 
students into separate courses for "better achievers" and "slow 
learners,", and with the o -"better" track oriented toward cdllege, one njay 
presume that the "better" students will have a more favorable opportu- 
nity to enter a science career ',(lc: 11, 22) . 

Career awareness as ah educational goal shguld begin in the lower 
grades and be a^ collaborative effort of the total instructional staff 
(4,6). While science teaching should' not be tied solely to' careers, the 
science teacher has a vital responsibility in , career .guidance (7). 
'However, teachers have not had the special preparation they 'need tp 

carry out a career awareness, program (2:71). ' „ 

v 

/ The 1980 "rfeporb to the President of the United States" (81 states 
* "there is persuasive evidence that many students today are simplyjpot. 
awarfe 'of the career opportunities^ which exist in scientific and ttfShno- 
logical fields." The available data on science career education^ asa, 
goal of science teaching in middle, and junior^ high" schools incfte£ce 
strongly that the goal does not exist in practice* Career information 
; is * seldom found in science* textbooks; science teachers, for ..various 
reasons, do not accept responsibility for career education; and school 
counselors seem not to have time for career guidance* Although there 
has been a* decade of jLfttensive effort by the Department of Education to 
popularize career education, supported by a budget 1 ' of tens of millions 
of dollars per year, plus an .extensive research program carried out 4 by 
the National Institute of Education on career education, and the devel- 
opment of a wealth of- instructional resource materials for teachers, 
little progress has been made in the schools toward effective career 
education in the sciences. Two-thirds of the science .supervisors still 
do. hot accept career education as a goal for science teaching (li:43) . 



"Basics" as Goals of Scienpe Teaching 



TJ\e* question of "basics" in schooling is tied to the issues of 
behavioral objective and competency, measures. .."Basics" and "behavioral 
objectives" do ' not rest oh a .tHreory of knowledge for the teaching of 
scieftce such as 'Herbert ,^SpenceF l s r What Knowledge Is of Most Worth ? or 
Polanyi's cdR(?ept of • "t f acit knowledge" where the fociis is on the 
importance of ^knowledgfc, ' Rathe*, both ^.basics" and "behavioral objec- 
tives" appear: to be-based on assumptions about how specific information 
is acquired, reprieved, and quantitatively measured. Basics aS goals 
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are considered here Because they are 50 commonly interpreted as learning 
goals for science teaching. The confusion about basics in education 
will be evident from the data presented herein. " 'J 



The consensus among teacher -(55%) and parents (64%) is that' schools 
give too little emphasis 'to <the basic knowledge . and sk i 1*1 s "that every 
student should have (If: 34). For all' th,e school sites studied, the 
"back to basics" movement was apparent at every grade level, (iff: 45 f; 
Teachers . perceive" basics as Skill in the Three Rs' (id:48)/ancf rate 
reading as the "most basic of the .basics" (id: 38, 39).- Scienci teachers 
-tend to perceive basics^ in science ,to be a set of knowledge and skills 
.routed in the academic disciplines (Id: 17) or knowledge about tradi- 
tional subject matter. (Id: 35). " To traditional teachers,, teaching the 
basics often medns raising the student'^ quality qf performance; it is 
not ^natter related to the curriculum (ld:37). These teachers tend,,to 
veiwjthe "basics problem" "as one. of instruction rather than of experien- 
tial learning (lf:3). -Teachers in general are convinced, that too little 
attention has been placed on basic skills (reading and computation) in 
schools, and have a "grand belief" that if science courses were better 
taught,- cognitive achievement and basic skills, would be improved at the 
•same time (If i3) . ' 
.« •_ • » * 

The movemeht to set specific (behavioral) objectives' for science 
courses is .well integrated with, the movement to a fundamentalist (basic) 
curriculum (le:23). "Back 'to basics"; narrows educational goals to 
specifics '(1BU8). Teachers .are about equally, divided on the issue of, 
whether more. specif ic instrumental goals will lead to an. overemphasis "bn 
simplistic skills. and the 'memorization of ' isolated facts (li:^7/le:23) . s 
Parents have the same concerns., in districts where instructional Objec- 
tives, have been specified and tests constructed £0 measure them, no 
.evidence was found that 'the procedure changed the achievement level of- 
.youngsters (lj:ll). • " ; 

There is another side to the "back to basics" emphasis in schools. 
"Back to 0 basics" seems to be the most promising ^opfrion- in the light of 
decaying conditions in schools and the public odtcry against funds 'spent 
for well-intended 6ut failing program innovations' fib.: 12). "^Basics, 
provide -a goal for which, teachers can identify their Efforts (lb;18) and 
that they feel is more Focused and, articulated than are goals associated 
with the innovative , curricula (le:32>. Teachers, more than the critics 
of education, % are advocates 'of "back . to basics", perhaps,' because they 
want to be accountable for assignments In which they can succeed; what- 
ever-else -is taught is -considered a -student .bonus (lb: 18), ''• This 
position' is sup-ported by parents. "Back to basics Appears to \be a. 
reaction against" the science curriculum improvement program of 'the 1960s 
(ld:37)-. Teachers who tried, some' df the newer curricula^are changing 
back' to traditional curricula . where there' il a focus* on' performance 
skills and away from conceptualized" experience (If: 5). Currently* 1 it is 
the language of the beha'Vforal psychometrician psychologists'*' "who spdak 
.of the! tasks^ to *>e accomplished, traits to develop, and'Xthings to 
measure apd test" .that . dominates curriculum thinking (le:33K f - 



Goals and Student Diversity 

■ * ■ ; . - • ■ ■ . 

Although teachers recognize the heterogeneity of students, the 
demands for equity in schooling have not le v d to a personalizing of 
objectives (le:23). Schools use goals to encourage .a uniformity of 
instruction in the direction of least diversity (le:24). Teachers 
prefer to .work toward common specific *aims, for good or ill, for all 
students (le:23). While uniformity of instruction is seemFngly opposed 
by principals and teachers, more uniform standards ar£ x Sought 
(le:2,4v26) . Parents are equally divided on the. question *of whether 
s.chooliftg shpu^ be more or *lesa^ uniform (le: 26) • Parents have a con- 
cern that wheV^ students from, different junior high schools feed into the 
same high sphool/ one group may be at a disaSvaritage if there is not a 
£pifortoit;y of goals and curricula (le:?7). Teachers, curriculum super- 
visors, administrators, and parents wholeheartedly support the notion 
that a commitment to specified objective apd firm curricular arrange- 
ments ,<for each* grade level - would improve the sequencing of courses and 
better articulate educational efforts " (le: 28, 29) . Ther^ is a consensus 
that t6b mud\or too kittle uniformity could be harmful (le:27). Almost 
everyone, ' however, feels teachers should be, free in the way they go 
about obtaining these goals (le:30). . ' . 

Qualitative goSls are ' not stated for gifted and talented, students 
in the sciences* Two-thirds of the science teachers respond to- the 
achievements of talented students by providirfg ah opportunity for Extra- 
curricular activities or by granting 'special incj&'ritives and privileges 
(li:33), such as appointment as, a laboratory assistant dr ' ehcouragement 
to enter a Westinghpuse science talent competition (le:18). One-third 
of the teachers . ignore the talented student with the comment "all 
students are treated alike" (le:33). Brighter students headed for 
college are provided with special courses in science, presumably with 
goals suited for college* preparation (ic:17). There is' an obvious 
conflict in schools between those who want to preserve a pluralistic 
society c*nd those*who woyld reduce heterogeneity .(le:"4)/ 1 ^ 
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Goals: Summary and Interpretations 
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Parents, students, teachers, administrators, and curriculum super- 
visors were asked to order the importance of science education goals 
under three .headings: N ■ ► , ^ 

* 1. Human experience : aesthetic, emotional , intellectual 
* ^ v experiences • • * , 

» 2. ' Knowledge : basic facts, coj>ee|>ts, nature of science and 
technology j~ . \ . 

3. Career : preparation for 1 life work, foundation for work, 
preparatory skills \ 

* • V * • 

Disagreements were found, in how and whether * these goals we£e achieved 
(le*3). Parents x at)6 students rate the .importance -of the career goal 



first f knowledge secondhand human experience third; school administra- 
tors .are, in general agreement (li:103, 104) . Teachers and supervisors 
Mte knowledge the highest priority, But' disagree on the importance* of 
€he other two^goals. Teachers rate human experience second and careers 
third, while supervisors rank fcareers second apd human experience third 

(li: 10^104) . In* term^ of the' emphasis placed (5n specific goals by 
school^, a ; larger proportion of administrators, w supervisors, and- 
-teachers place Knowledge ' first, while parents beiieve that career ' 
goal£ are receiving the mbst emphasis (li:104).. Human experience is 
recognized by all respondents as receiving" the least emphasis in schools 

(li:104). 

' '0 > 

Purposiveness in schools does not Seem to be simple, well focused, 
or; well coordinated {lc:16)* Teacher-s are more inclined and are more 
successful ^irt discussing conditions in whitfh teaching is occurring than 
they are in describing & "sufficiently complex and trustworthy concept 
tual' system to encompass both* the dynamics of the curriculum^ arrange- 
ments and the dynamics of student comprehension" 41f:2). When 
opportunities are available* ' to teachers in summer institutes or 
inseryice programs, -they are seen as opportunities to talk with other 
;teactoers and collect "gimmicks" that can be incorporated into existing 
practices, rather than opportunities' to- overhaul their conceptual 
systems (lg:5). 1 

Teachers base their goals for teaching "science on their] classroom 
experiences, their own personal value^> and the wi'deiy held feelief s of 
the community (lg:26). They are motfe inclined to accept sopial norms 
(the way students" are expected to behave) than they, are the/ instruc- 
tional goals ^espoused in theii> teacher education \courses (lg.5). 
Tfeachers have their own ideas abotft, basic goals, and though- they usually 
are not articulate about them, the goals appear to be different from 
those that < curriculum authorities and instructional technologists 
consider primary (lg:l). In part, the acceptance or approval' of a set 
of goals by teachers is an expression* of' personal preference moire than 
of commitment (le:3).) * ' J 

f * Developers of' new curricula often' regard teachers and school 
administrators ^obstructionisms a to change and innovation. What is 
more* likely the case is 'th^t* school; people do not agree with the educa- 
tional "goals of the innovators, ^ny^mdre^ than science teachers agree 
among themselves oh ma'hy goals (lg: 26.'1)'. Teachers set goals consistent 
with their own values and those they believe to be' widely held in the': 
community »(lg: 26.1) . They also 'have an internalized concept of what the 
constraints are in 'the ^classroom, and- any different pedagogical .frame- 
work fpr teaching science is likely to fail (lg:5>- Inservice programs 
provide little help in adapting subject matter to objectives for which, 
it was not originally prepared (ljs'2) . . It is not surprising that career 
awareness, inquiry, ?cierifcific literacy, and science as social process, 
widely heralded goals of science teaching, are not considered important 
by the rank and file of teachers'. / « '* 

: 4 • ■ . ; 

People generally have different Ideas about proper and improper 
goals, for public education (lh:l).'> Many advocacy groups are found in 
and out of schools # ^ (lh: l) One way teachers have q£ protecting 
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themselves selves from these -many pressures is to stay with global and 
noncontroversial aims (le:23). 

The notion that the goals of science teaching should reflect the 
current condition of the scientific enterprise, progress in scientific 
disciplines, shifts in the social and cultural scene, and the interac- o 
tion of science,,, technology, and society are not considered* by the 
majority of teachers to be important factors in setting the goals of 
science teaching. The causal, events that lead, to goals guiding the 
teaching of science arise from the social norms of students, teacher 
preferences, and community values. One result is that objectives remain 
relatively stable and appear to have changed litfclfe over the past 20 
years (1955-1975) (2:,170) . » In 1974, the National Association for 
Research in Science Teaching listed "goals 'of. science education" as the 
highest priority in needed research (2:184) .. 'In 198Q, -tyo surveys, one 
of major university faculty specialists in^ scfence education and the 
other a survey of schools and support agencies, both found the highest*^ 
ranking problem in science education to be "uncertainty about goals" knd 
a pressing need for a new rationale (9). ; 



v 



.a- 

>» \ 
j 



N 



- 72 . 



CHAPTER 2 
'* * SCIENCE ' TEACHING 



* Characteristics of Science Teactfers &+ 
• * * * • H > 

The -typical sciende teacher in a middie^r junior high school has 
taught for 11.5 Wears (3:135), and 50% 'have a degree beyond the Bache—' 

,lor's (3:139,2:95). At the time of the survey (1976-^977), 44%,pf the 
teachers v*ere carrying college york for credit (3:40). Of science 

.teachers for grades 7 through 9, 62% are males (3:141). The schools in 
which they teach are departmentalized (2:14), Md teachers are regarded 
as specialists in science (ld:6). Of the desdKjnated science teachers, 
76% teach only science (3:142), While 24% teach other subjects such as 
mathematics (3%) (fi:20). • 

* #lthotjgh the. majority of these science teachers teach only science, 
this does* not necessarily mean science in 311 of , these grades. Although 
35% of thep teadh courses in general science, some also teach biology 
(13%), physics (10%) , or chemistry (7%) at higher grade- levels. In 
% additijop, 58% teach^ courses other than science (li:20). 

i The most common preparation of general science tekchers in gradfes 7 
through>9 is biology* although 33% have less than 9 credits in biology 
(2;82). On the whole, general ^science teachers lack depth in more than 
one area of *scienc^ (2:71,100). A recent survey of junior high school 
science teachers in'.Tennsylvania* (10) shows "that 77% of the teachers 
surveyed, had no intention of becoming junior. high school science teach- 
ers; only 35% had done their student teaching in a juni.or high school, 
and 87% stated they* would have benefited from a* program that specifi- 
cally prepared one*to teach science at thisr-JLevel. K 

There appears %o be a consensus .among school administrators that 
anyone 4 can teach general science (2:63). Junipr high *Bchpol science 
teachers are less satisfied with their teaching load thai}, - are high 
school teachers (2:95). Nationally, 13% of these teachers state they do\ 
1 not' feel qualified to teach one or more of tKefr courses (3:222). The 
number is close to 20%^in small schools/- urban and suburban communities, 
and, in the north central part of the United States (3:222). - 
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The Teacffer in the Classroom 

» *■*•*. 

< The typical science class in middle and junior high schools con- 
° r 31 stud e nts ' a hi 9her number than is found in the avera<fe\ 
elementary; .or secondary school classroom (J: 67). Classes in social 
studxes and mathematics at grades 7 through 9 are smaller than those for 
JXESV* ?) * ^. Sfience -class periods average 51 minutes (3:68). 
Eighty-six- percent-of the science co.urses are'one year in length (3:65).' 

The predominant' method ,of .teaching science in these schools is ' 
lecture-and-recitaWon (Ij :6,3:B-62) . A survey of 535 teachers asked 
how they had taught their most recent science class. The survey 
• ■ that * ?5% had US6d a com binafion of lecture and discussion 

(3:106). Fifty-nine percent stated they also used some manipulative 
- materials (3:106). Few teachers attempt to eft-gage 'students in learning' 
by experience (lf:7). Teachers justify lecturing -on the basis that 
students can't read, admitting they don't know why students can't read 
and won't study (if:i 0 ). Teachers in grades 7 thrdugh 9 use a highly, 
routinized instructional procedure: strict time allotments and activi- 
ties that are designed to keep students busy and productive in covering 
nL»«?rf°i« " ' (lg:56) -„ The 'concept of teaching is essentially an 
££8 K "management" one (lg:54,55). ,The teaching tends to be' 
' 212** L°f US ! ^ behavior ?l objectives and criterion-referenced 
tests. (Id: 44). <*he combining Txf the informational components 4to 
■ nTil? res E« ns e^r problem solving is either deemphasized or omitted 
(ld.<4). Answerrgivmg is expected of students and it is for this thev 
are rewarded (lg:ll,i2) ... Much of the instructional time is used for 
socializing students (getting order in the classroom and suitable condi^, 
SJ" teaching) (lg:ii). Two-thirds of the principals are of th*": 
v opinion tnat many teachers are most concerned with "getting instruction 
Hnn*i PPen ' 3 ,^ eSe teachers l^e pack-aged, individualized, instruc- 
ted (li \ 68) ' . Teachers m .° re concerned with" subject matter , 
tend not to like packaged instruction (li:68). ' 

» * 
Teachers divide their time equally between instructing a class as a 

WorHnn ^ Hlth sma11 individual students (3:111). 

Working with small groups of students appears to be limited by a lack of 
p accommodatioi^, according to 5,6% of teachers surveyed (3:i35). ■ 

The teaching procedures most frequently used (daily orW a week) 
• by teachers in these science classes are (3:B-62): ■ '> 

1. Discussion, 90% 

2. Lecture, 78% S "* 

3. Tests and quizzes, 66% . * 
^ .4. Individual assignments, 57% » 

The" common' practice is assign, recite, discuss," and test Games 
and puzzles are frequently used by 22%. of the teachers, while 29% never 

' 8 lSr (3:B " 86) * Pe'«nt or more rarely (les* than once . 

LTJTfJ n6Ver m USe '° f SUCh tech riiq«es - as televised, -computer- 

y sfmbLt1o- n «,°%r i ??T ed inStruction ' Either do they use contracts, 
^simulations, field trips, or guest speakers (lb:62>. Sixty-nine percent 



of the teachers do not have student library work and 51% do not utilize 
student reports or" projects (lb: 62). The most frequently used audio- 
visual materials in • these science classes are films, filmstrips, and 
overhead projections; however, these materials are not used as fre- 
quently as once a week by 20% of the teachers (3:B-74). Sound recorders 
(records, tapes) are seldom used by teachers (3:B-74)«. The predominant 
.instructional materials are those to be read or written upon" (Id: 60) . 
Educational technology is viewed by teachers as a meahs for focusing on 
the basics (ld:44) and as a means for reducing forgetting (le:12). 

Laboratory ("hands-on," qpimanipulative) - materials are used daily 
by a fourth of these teachers, and another third have laboratory-type 
activities at least oncg a week (3:B-62). A fifth of the teachers 
rarely * or never use laboratory work in tea6hing science (3:B-62). 
Teachers who have attended institutes sponsored by the National Science 
Foundation are nearly twice as likely to make more and frequent use of 
manipulatory materials than teachers who have not attended an institute 
(3:108) . When teachers were queried, about their most recent science 
lesson,, 59% stated they made use of manipulatives (3;^L06) . In most of 
the science classes observed, students had increasingly fewer materials 
to manipulate as they progressed from grade 3 through grade 12 (lc:60). 
Student-created materials are rare in science classes, even for science 
fairs (Id: 62). 1 

'In the survey of. 12,000 science teachers, instructional materials- 
were desribed as the heart of their teaching and the determinants* of. 
their instructional methods t (Id: 66) . * Instructional materials virtually 
dictate the * curriculum and become both the medium and ."the message 
(ld:66). Central to instruction is the textbook; it is the authority in 
the class*, the teacher is the- arbiter (Id: 66). 



. A number of educational problems interfere with the instructional 
process in science* teaching. Administrators and students are bothered 
by the testing program; curriculum supervisors feel the major problems 
are fiscal"; and teachers rate discipline as the number one problem 
(le:9). Time spent on discipline problems and administrative activities 
in the classroom reduce instructional time - as much as 50% (le:10,ll).. 
Teachers consider students who are not busy and working to be an 
instructional problem, even though they are not bothering anyone 
(li;65). Eighty^two percent of principals of grades 7 through 9 feel 
that student behavior is- of equal or greater importance than the learn- 
ing of subject matter (li:65). Twenty-four percent of science teachers 
feel that students' inability to read is thjeir most serious instruc- 
tional problem /3:160). Sixty percent find there are few opportunities^ 
for them to learn ways of dealing with instructional problems (li:70). 
There is some evidence that middle schools are better organized to deal 
with instructional problems than are junior high schools- (li: 70) . 
Teachers feel there is little time available to them to think about 
instructional problems' and that inservice programs, are not of much help 
(li:7l). • They xsee as K one of their greatest n^eds the {learning of new 
instructional procedures, such as using n hands-on n matetaals effectively 
and implementing a discovery-inquiry approach to learning (3:144). 
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S ' Inservice Programs 



About half of the sciences teachers 4iave participated in inservice 
HTl^'^ 8% attended an average of inservice course 

Ua S r£rIi r S t f/ r i { ^ f ° Ie M*- 1 "?)''*™ *?-.**™ Participated in 
fSJ f~l J Tl i enC f F ° Undati <* institutes lU i23). A majority 
fo io5 t ke 900d advanta 9 e of ^ experiences of other teachers" 

e wi^Z rr bl6M (U:72)t Th6y like to "hare ideas 

more with other teachers, engage in joint v teaching, and visit other 

fll sr^rTl 'I" 6 ^"unities to do these thing 

(la:5). Although teachers want more, professional contact with other 

: C "!'; he V° n °V aV ° r inSer ^' ce Programs. run by experienced teach 
'< o ^ other tl^hPrTl', ^V 8 , Wh ° " haVe hot -P r ? f ited from' the experiences 
ot other teachers ,• the most frequent reasons given were (li:72): ^ * 

1. No time to work on these 'things x 

2. Little reward to 'teachers for helping each other . . 

3. Teaching problems are idipsyncrattc . . 

Itotlll trJ f t eqU ! ntly ° ritiCal ° f Pr§ " and ^service, education. as they 
. struggle with teaching problems (lg,. 7 ). Supervisors recognize the .need 
to provide xnsecvice courses oriented, to teacher needs (i :7 " „ 
of the School districts, the results of standard tests given students 

Only"" S fvTV 0 ^ t0 inClude in inService 9 
Only 18% ,of t-he teachers found inservice programs to ' be useful as a ' 

source of information about new cufricular materials (3:8-15) Most 

a-. _ . - .~., r «. 

Half of the teachers list, conditions as "good", in their school f«f 
saving pedagogic problems. Of the remaking half? 29% aS ?f 4he 
.opinion conditions are not . "good" and that "riobod; cares" (S- 7^ 
ar: e "gcod" 77 ( % li 0 : f 7i r e ^ SU >™ S ^ * the opi^ colons 

Tn addition to inservice programs, teachers can expect to find 
information for resolving their pedagogic '.problems in professional ' 

hiah ln s g c hnoW mPared ' With teaCh6rS ° f ° ther * ub * ct s in -iddll and j nior 
high schools, science teachers tend to read widely mV 2 3i avJraniZ- 
5 5 education articles per month and 12 .1 science art cle ufJI tl 

2£ nl£** 5 ' l h6oks on education and 4,4 science books per 

year (li:24). Only 37% of the science teachers find jourpal articles 

K^&2 1 2^ , ^ f -V ^ of: ^ survey ( 19 76-m t 

ZtlZ:^ Credit * and ^ ^0 this, 56% ha* - 

No teachers mentioned -the possibility*'' of using * the • results of 
itT, J° n ^/ eSea ;? '** "^"^instructional problems. " Dei/ions 
2£ d e erfved g from "7 T ade mofe ^ on'V basis of "folklnowS , 

we?e asked to Stit ^ erience . s of ot h« teachers. When teachers 
were asked to identify their source of information about a set ctf'cur- 
ricular materials, 66%. stated they obtafnecTtheir information W othel 
teachers -and 53% listed .college courses; 37% -qifed* pubH.sh'ers/ sales"'" 
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representatives. A fourth of the teachers also listed federally spon- 
sored- workshops and professional journals as a source ^ curricular 
information (3:B-15). Pace-to-face contacts with other people is by far 
the predominant way information on science teaching *is transferred. 

' ■ ■ ■ 

Federally Funded Programs 

* '*' ■ ' ' • 

Nationwide, 32% of science teachers in grade 7 through 9 and 39% of 
the principals have attended one or r more NSF institutes (3:87). In the 
southern states, 41% of the teachers attended one or more NSF 
institutes— the highest attendance in the nation (3:87). Forty percent 
of the teachers participated in summer institutes and 18% in inservice 
institutes. None of the other NSF activities such as academic-year 
institutes, administrators' conference's, cooperative college-school 
programs , resource personal * wor kshops , leader sh ip • development pro j ects , 
school system projects, or teacher-centered projects attracted more than 
8% of the teachers (3:B-9). They had a favorable reaction to the full- 
time NSF summer institutes: 53% stated the institutes provided ideas 
and contacts and increased their confidence; 51% felt the number of 
institutes should be increased so that all needing them could attend; 
15% of the teachers fe^t the institutes were good fof good teachers but 
not 1 xeally of benefit for those needing help (lg:51). Sixty-one percent 
of curriculum coordinators, and 46% of school administrators would like 
to have the federal government support more institutes (lg:52). Of 
school superintendents, 77% feel ,that NSF should continue to sponsor 
programs to help -teachers implement the federally funded curricula 
(3:77). 

The NSF programs attracted 48% of the principals to one or more 
programs (3;l25) . The summer .institutes attracted the largest number, 
10%; inservice ^prkshops, 5%; all the NSF programs had some attendance 
by principals (3:B-10). State supervisors of science made the widest 
use of NSF-sponsored activities: 69% attended summer institutes, 48% 
inservice institutes, 30% academic-year institutes, administrator con- 
ferences, and leadership development projects (3:B-8) . „ 

Overall, the continuing professional education of science teachers 
isjneager for various reasons (lg:48): 

' l. Tfiejre are fewer inexperienced teachers. • , 

2. Incentives for earning credits ana degrees have diminished. 
9 3. • rfSn'ey available to support resource persons is down. 

' Perceived Needs of Science Teachers 

The majority of these science tteachers feel th£y need assistance to 
do the , best job of teaching scfence; only 19% state they do^nofc need 
help (3:146). The need for assistance is about' the same whether the 
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teacher is from a large or a small school, a* •well-to-do or a poor commu- 
nity, or a rural or a city school (3:146)? In response to an open-ended 
. question on needs, teachers identified the following categories" as manor 
areas of concern (li:75): 

1. More time for planning, preparation, and sharing of ideas with 
other teachers 

2. Constructive supervision by master- teachers 

3. Opportunities to consult master- teachers and to attend planned 
wor kshops ^. 

4. Longer, internships for teacher certification 

5. Better communication with- administrators and other teachers 
and with parents v 

Opportunities to learn new teaching methods ranks high on the list of 
teacher needs .(3:BI12, 2: 95) . * Obtaining subject 'matter information 
, bothers two-thirds of the teachers (3:B-112) , as^well as understanding 
the relevancy of science topics for students (2:96). The diagnosing off 
learning problems (2:177,178) and the implementing of discovery/inquiry 
approaches (3:B-112) also are * serious concerns. Nearly "half of the 
teachers feel they have difficulty; using "hands-on" materials (3:B-112) . 
About 75% do not feel they have problems with establishing , objectives, 
planning and teaching lessons, or maintaining discipline (3:B-112) 
Laboratory management concerns a third of the teachers (3:B-112) . When 
they were asked what universities might do "to be of most help, 43% said 
develop curricula- appropriate to the times; 16% wanted . workshops ■ or 
institutes; 12% suggested college courses oriented to, teacher needs; and 
some 20 other sugge^ions were less frequently mentioned (lg:19). 

• ✓ 

More than half of the teachers felt university people. would pot be 
of much help to -them because the faculty is more interested in theory 
than practice and also because the university faculty is no.t interested 
in school -people (li:74).. These teacherTTelt the. federai government 
5 might help meet their needs in the following ways (lg:l9). i ' 

1. Hire resource people to help teacher^ develop teaching skills 

2. Offer more institutes on the improvement of teaching skills . 

3. Provide films and laboratory materials to. schools at low cost 

»* 

These teachers did not* think a public campaign to promote "scientific 
literacy" would be of much help (lg:l9). 



.Supervision of Science Teaching 

( . , -. . 

Science teachers in middle and junior high and < secondary schools 
were asked to rate the adequacy of their knowledge of science subject k 
matter and effective teaching practices. The ratings of middle and 
junior high school teachers were lower than those of secondary school 
teachers (11,12). Only a few states have certification requirements 
for middle and junior high school science 'teachers; one survey of 80 of 
these teachers showed only 4% certified for teaching in^ these* schools 
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(2:63). Teachers qertified to teach in elementary schools are approved 
to tefach subjects in the middle school/ grades 6/ 7, and 8_. Teachers 
certified to teach in secondary schools are deemed qualified to, teach 
.science subjects in junior high schools (13). The shortcomings of 
appropriate teacher education for middle and junior high schools are 
recognized by practicing teachers. The need for supervisory 'and support 
systems is apparent. The status of these Services as they existed 
during the the 1976-77 school year are summarized. 



9m Supervisory Personnel for Science . Persons with the tit^e of 
supervisor or curriculum coordinator are found in 20% of the schools. 
Teachers and department chairpersons have supervisory responsibilities 
in 46% oh the schools. Administrators, principals or superintendents 
are the science supervisors in 30% of the schools (3:38). Thirty-seven 
4 of r the schools have' district supervisors. Typically (60% .to 70%) , thos^v 
responsible for sci&nqe also supervise, social studies, reading/English, 
and other subjects (3:36). Of those school districts that have super- 
visors for science,, 37% spend no tiipe and only 20% spends as much as 75,% 
of their time in the schools (3:39). A sample of .340 school districts 
revealed that 63% had no science supervisors (3:37). Rural areas, small 
districts, and the north central states h^d the fewest number of super- 
visors (3:37). Fifty-tojp percent -do not have a science department 
chairperson and, where, they do *^ the person is not given released tiine 
aod is not compensated for supervisory activities (3:48). • . 

* " About 25% of the science supervisors have curriculum supervision as 
their primary assignment (lg:40). A large amount of time is spent on 
locating and. evaluating instrufctior^al materials, disseminating informa- 
tion about curricula, and developing curricula (3:B-4). In addition,/ 
, there are administrative duties, £nd lesser amounts ^of time are devoted 
to hiring ana evaluating teachers and coordinating inservice programs 
(3:B-4) . Nationwide, only' 20% of the science supervisors spend as much 
as 75% of their time, on supervision-cootfdination activities. 

We can only conclude that supervisory services for science teaching 
are, at best, minimal in the middle and junior high^schools, and for a' 
majority of schools essentially no services are provided. . * 

i • * ' 

. Teaching Qualifications of Supervisory Personnel . In, schools 
where principals supervise science, 11% have- an undergraduate major in 
science. They ar*e" three times as likely to have majoifed in social 
studies (3:46). ^However, only 26% of the principals feel they are* not 
well qualified to supervise science (3:47). A fourth- of the' persons 
responsible for supervising science are likely to belong to a national 
science* teachers association of some type, but only 6% belong, to the 
National ^Association of Sci^tee Supervisors (3:45); a larger number 
(40.%) belong to a state scijHe* teachers organization (3:44). Fi'fty- 
three percent of science suj^fcisora have not, .attended a . prof essional 
meeting on the subject ^they ^^^rvise (3:42). Eighty-seven percent of 
the school districts/ when* h^Tng supervisors, require tKa't they have' 
relevant teaching experience; 80% require a supervisor's credential; and 
65% require a Master's degree in the relevant field. Where supervisory 
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, services -are provided, a majdrity of those responsible for the jser vices * 
•are either not trained ^specifically for supervising science or ' do 
not assume the professional responsiBilit4.es expected of a science 
„ supervisor. : 

State Sc ience Supervisors .. There'- are 6*L statue science super- 
visors (3:B-8); 40% are located in the southerri states {3:A-11) . * These 
supervisors spend time on a variety *bf activities, - such as curriculum 
development,. 72%; wprking with district supervisors, 70%; helping to 
evaluate district programs, 68%; evaluating curricular -materials, 
-coordinating inservice programs, and wWkibcf with college personnel, 
' approximately 5p%' (3tB-l). Nationwide, '69% of state sconce supervisors ' 
spend more, than half of Iheir time' in coordinating science teach inq 
Activities &:34)» \ I . ' , *\ ■< 

. < ' ' « •• ' s 1 " - 

* ^ , Supervision -and th e Teacher . Science ^supervisors fcatfe the respon- 
sibility for helping teachers wjlth pedagogiq problems arid for improving 
the curriculum (lg:4(T). However, only 33# spend a moderate or large 
amqunt of time working with individual; ' teach^rg (3:B-4) . Forty-two- 
percent state they do' observe in. classrooms . (3:B-,4). Fifth-six percent 
1 of science supervisors for grades 7 through* 12' state they spend 10% or 
-less of their time kupervising/ coordinating* or con^dfcting with teach- J 
ers.dh instruction (lg:42>.* * 

Less than 60% ,o£ science teachers feel they have the help " f rdm 
supervisors or coordinators that they want (2*89). Teachers tend°to 
work alone without help Xrom supervisors, other teachers, - administra- 
tors, or department heads- (lg:27) . When science coordinators for grades 
7 thtough 12 wfcre asked to indicate the number of teachers to whom they" 
were expected fo provide consultative help, the median number was^-219 
fig: 43). To meet these expectations^, coordinators use bulletins and 
committee meetings, but . very little personal contact with individual 
^teachers (lg:43). Teachers seem % io be receptive to , "good" help but 
^ question whether district supervisors, colleges of education, or^ any 
pother agency could provide much help Qg:44), When asked what they 
expected of- a science supervisor, 50% or mojre of the teachers listed the 
following (lg:*5): , * 

1. Krtowledge of sources of *curricular materials, 89% 

2. Skill in diagnosing individual student learning dif f iculties, 
76% , _ / ; ^ , ^ . 

3* AbUity to "'speak out" to protect "curriculum, 73% 
4. Recent, full-time teaching experience, 59% 
, 5* Administrative experience, 58% / *, ^ * ' 

> 6. • Skill in interpreting* test scores for whole Classes or 
schobls^, 53% v ' » « * 

When 'teacher*; were asked to identify their sources of 'information 
about curricul;ar materials, only 26% named local subject matter coordi- 
nators (3:B-15)\ Many teachers feel that . better progress in science 
- teaching would Be made if more .cooperative- efforts took place within the 
school; the problem is not simply the lack of supervisory' services 
(2:3). There is a consensus among Science teachers that they are not 



obtaining the services they wish to have from the supervisory or coordi- 
nating ' s'taf f . Sujpervisors feel inservice programs could help With 
teacher problems, but teachers do not request such help (li:70).# 

• - • > . / 



Summary 

• * • 

The present* state .of supervision /in the middle and junior -high 
schools is. viewed as inadequate and incompetent in terms of teacher 
expectations. Teachers expect: more personal help with their teaching 
problems than school systems are currently providing.. The school sys- 
tems either -lack supervisory staff or have a' staff that is poorly quali- 
fied for science supervision. * 
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CHAPTER 3< 



^ . . SCIENCE STUDENTS 



A ^ How Stu<pent$ 'Perceive ^heir Science Classes 

\* , 

Thirteen- year-old- students do not vJLew science as, their favorite' 
subject in school; only ll<*pl£ce science first and 18%. rank it a second 
ohoice* (£01E01)\ ^Reference rtolfe) . About a third of the students (31%) 
do* nc>t £ind science boring anti -21% state it is boding, • but the majority 
(48%) are ambivalent (C01E02) . * However, 40% of the students sta T te 
science classes* are fun, and^44% do nQt mirtd going to class (C01&02) . • A 
population of 264^high school sehiOTS^ looking back to their niitth-grade 
biology course,"* saw the l^ssogs as ^x>rjLta3 $31%) and the subject matter 
as* irrelevant to student lives ( (21%),; ^however, 19% of the students 
responded that their own immatur$£y at the time of the cours'e may 
account for some of their reaction „ : N^-oth'dfc Items oi; , dissatisfaction 
(teachers,* textbooks, facilities, etc.) Received more 'than a 6% expres- 
sion of inadequacy {l&x\3)i " \ ' ; ' * ' 



What is studied in science classes is viewed by 13rXS£ r ~Qlcl stu- 
dents as- interesting (48%)# not/«£oo difficult (46%), or tbo'eagy* (60%) 

(C01E03). Std&ents feel that what * they are taught- was' noWlearned in 
previous courses . (40%) ' or outside of school (50%) (C01E03^^ Wbile *a 
majority (80%) of early adolescents feel that the things theyClearn in 
science are related to the' real' world anjl are useful (76%) , they view* 
4 th|m as likely' to be more useful In .the future (74%) than currently 

(57%) ^CQ^UOl) . Whatever their .reactions t© science courses, 70%* of the 
students ar^.of the opinion that science should be required in schools 

/£01U01)., ^ 

1 When studenrts were asked how they personality felt about science 
classes c they described them as ' happy (67%) atrcl comfortable (56*) 
places, where their curiosity\was stimulated (46%) (C01E04-) , and where 
they were not. afraid to ask- questions (C01E02) . ' While Btiidents did not 
Jfeel stuipid (72%) in science classes, only 38% felt °successf ul7 al\d. 
even fewer felt confident (31%) (C01E0<4) . Nearly half of \he students 
(49%) felt they had to memorize too many facts; 18% of their classmates 
strongly disagreed (C01E03). \ f \ 

Teaching in '.middle and junior h^gh schools tends to be highly 
*fetr\ictvured (lg:55), textbook bound '(3:88), and information oriented 
(lj:16). Students are* grouped l^mdgeneously for instruction and there- 5 
are few special efforts to consider the needs of either the mote abl£ or 
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^^iess able students .(Lj: 15) . Individualization in most schools means to 
. the teacher "a , §.tu<Jent proceeding at his own pace" (lb:,26) in contrast 
to. teaching practices that qonsiaer^the diVer.se 'individualities of 
;. t youngsters (lb: 27). Keeping studeq^BKisy. and productive seems to be 
; the principal concern of. the: major ityo^MMtrs (64%). (li:65). How do 
the -students perceive these, teaching -pracK^f Less than*"20% Of the 
students feel they c^n.choose topic^.or projects (17%), select the order 
of topics (14%), .^decide when" they 'are 'ready" to' hand in assignments of 
- take tests -.(17%);, or .chobse what they want to learn. (11%) (COlioi)'. In 
^ nearly half '.(47%)' of the„ . science classes, the exact order of the' text- 
book irs followed, but -£ gr 45% of the ( students -there are opportunities to 
.» work- at 0 their own- speed" (G01I Oil 5 . - - \ ■ *' 

_ ' Over two-bhirds (68%.) or\ the . students' fee? they a re. encouraged to 
think for themselves; but only "38% feel. they. are encouraged to be. crea- 
tive (COl^Ol) .' They feel some" teachers! (41%) recognize their right to 
have an opinion and that 42% of :fche teachers encourage' them to state 
their, .opinions (C01T01),. • Students? . (62%)' see the'i? science teachers as 
willing to share their opinions off questions about things Like "over- 
population or pbllutibn (C01T02) ; most teacher,' however, tend to ignore' 
. .controversial issues (lc:29)... t ' ' . v y 

f Students believe that only one' teacher i'n five (20%)-, is willing to 
admit to;not knowing something (C01TQ1) . .Principals. 4 (95%) ' think it is 
good for .pupils- to , see teachers make mistakes <,UK66), Ibut 66% are. 
inclined to let students discover mistakes made 'either "by the teacher or. 
themselves; only- 13* of the 'principals feel a correction should be made 
immediately (lit 67). ( Most stbdents (63%) -feel their science teacher 
wants them to point out mistakes ^he or she makes (C01T02) . \ - 

•In commenting on their ■ mos,t recent. science,, teacher-, ^13-year-old • 
students felt . their teachers really like*. science (76%-), try to make' 
'science exciting, (58%.) , ■ and/ t hate more than half '-(52%) of /the teachers 
are enthusiastic (C01T02) . O^ly 18V, however, feel .that their science 
teacher takes ,i personal interest' In theirt -(CoiTOl) . ' . .* lC 



An Interpretation* 



• \ Thirteen-year-old students, on the whole, do-not reaqt unfavorably 
, tb their science classes but .'neither are -they, wholeheartedly* support! ve. * 
Whatever efforts are made x to individualized science instruction are ab 
best minimal; .arid what* is practiced philosophically. weak, Studerfts 
dp . not "actively, dislike; science, though«j,lt ' is not their favorite, 
subject; they feel it is rather /itttripd authoritatively Resented. ' In- 
„ reviewing.' the information "on studenB attitudes toward Science- instruc- 
tion, . one- suspects the subject matter of the curriculum ' is inappro- ' 
priate 'ld?»7j' and'bhat instruction^ is 'more, routine than "inspired (lj:6>)\' % 
. '*% '..''• -. *' ' - . . 



Students' Views About Science 



For # a decade or more in the United States, a profusion of legal , 0 
4 politipal, and educational efforts have «beeh mad^j .to provide women and* 
minorities equal access to careers in science and engineering. Diffjsrr 
^ences in attitudes toward science and in cognitive ^achievement have beeh 
^observed* between boys and 'girls "and between Iplacks and whites .(14)* 
'These differences 'may influence career choices, Infprmatiort "from feftfc' 
1976-77 Rational Assessment of Educatipnal Progress: Science (15) 'has 
been used to identify the nature of sex and racial differences am^ng 13- 
year-old students regarding, science. % It has long been recognized . that ^ 
* early experiences with science, influence the 'career choices students 
make • 4 



Sex Differences in Attitudes Toward "Science* 



The information abstracted from the 1979 NAEP report is from 'a 
national sample % Qf 2,5PQV ; i:$-yfear-old*stadents questioned during the 1976- 
77 school year. Expressions re^lectipg differences between student 
*~ responses, are typifcally at thfc ,05 level of significance The organiza- 
• tipn of findings "parallels the NAEP* publication and are as % follows: k 

Attitudes Toward 'S6ience , , * 



o v Boys display a slightly 
- classes than girls' and fir 



more favorable attitude toward, science 
girls^ and find clasges less boring (pp. 6; '9). 
o Boys participate * in' science .activities outside of school mpjre 
/> ' frequently than girls (p. 9) . , \ 

Vocational' and Educational Intentions^ 

» s , ' 

'. * * 

o * Boys and girls express similar, feelings about the benefits of an 

education in the sciences whether career directed' or ncrt fp« 1,5) . 
o **More boys than ^irls display a favorable attitude toward a career 
' in science^ (p/ l5X« \ \ N ■ 

'Experiences witji Sciences-Related Activities *, - ' • 

b More boys ' thai^ girls have visited a planetarium, " factory, sqience < 
- ; • laboratory, electric-generating plant, and ■ sewage-treatment plant* 

, ■ (p*;i8). s - \ 

6 Boyg, more than girls, have done experiments tfl^jifi electricity, sdch^ 

as making a magnet or wiring a circuit (p. „18) . 
( ^o' -GiilSr more than boys, have* made collections of -. leaves, flowers, 
'»"aq'd insects (p. 18). y 1 • " 

^Personal Usp^ofthe^ Tools and Attributes of Science iff Problem. solving 

o ipn^y a small difference exists in the use of .problem-solving tech- 
/. ;*"rii^ues between^boys and girls; the difference f avprs'.boys (p..2^K 
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Science and Society 

Confidence in science: 

• -o Boys are more likely than girls to' regard sciende with a sense, 
of wonder (p\ *29) ' , ; f< 

o More girls than boys regard science with indifference or show 
, a lack of interest (p. 29). 

Support for research,: ' . * ^ : • 

• ^^^f more supportive of research *th£*i girls (p. '.32). 

. Awareness or the Methods., Assumptions, ^and Values of Science . ■> . 

1 • ... 

^o- .Boys score higher -,than. girl^ on measures of science knowledge, 
• ^ comprehension, application, and analysis^gjfthesis (.p. 49). 
o On the content areas of science, boys score . significantly, above 
girls in theiV knowledge of biology,' physical science, earth- sci- 
ence,.^ integrated topics. The least difference between the ■ 
• . sexes is in the, knowledge of biology- and integrated topics (p. 49)' ■ 
On questions involving a -knowledge of the processes Of science,, 
societal problems, applied science, and technology, boys do -signif- 
icantly better 'than girls* (p. 4-9) t - >' . ' 

Girls' are significantly better than boy's in' their .understanding of 
decision making- *(p. , 4,9). •* 9 . j 

Boys anl3 girls. are rfot significantly different in ''their ability to 
- relate science to self, although boys score .slightly higher ' on 
these guest ions' -than gi£Ls (p. 49) . "*» > o ' .• 

Summ^y.fp. -53)' ^ '- j . . ' 

Patterns' of performance for 13-year-old. boys and" girls', on the 
total' number of attitude items bn the 1976-77- &AEP Science Assessment 
are: . , , • » « v/ 

* ■ • '. : • . ' ° 

Personal Experiences *' ' , V' " 

• A . * • . *. ♦ 

o Attitude' toward science classes (39 itejns)': 'favors' boys'" J* '~.V" 
o Vocational a-spirttJjWin science (23 items) :' favors boys-' 
.o» Using topis. and acttrTbutes or science (35 items)? -- favors bbyi " ■•' 
'?.. Experiences with science (90 items): -favors boys ' ; r ' - , - 

. r • * 1 i -V '. * ' -:■ 

Science and Society" '* 1 * ft. '« ' ' ' 

' * ' ■"' ' 1 * " * - 

o^ .Support of research infcience (35 items): no significant differ- 

. "'ences ' ; • v ' , r - ' ' • 

o„ Personal involvement ('24 items.) : favors' girls *" * \ \ , 

' j - : - :• . " ■ • . " • : • . ./ 

Awareness of the Mature- of .Science (16 items.)? . no.' signlf icaVt s sex 
differences ' ' •< ' 



. o 

o 

' o 



•. Typically, boys outsome girls on al)* i cognitive measures'; on.-atti-^ 
tudinal- measures there are x fewer . differences between boys and girls'.*^ 



r. 



Racial Differences ""in Attitudes Toward Science 0 , 

» • ' % * 

By the age of 13, blacks and whites display differing attitudes 
toward science/ tfhe NAEP rd^ort on Attitudes Toward Science provides 
information on* aspects of these— differences fQr l3-year-o],d. students. 
The organization ^nd classification .of student responses illustrating 
racial differences follows that of the WVEJP report*, 

Attitude "Toward Sci'ence Courses and Science Teachers- i 

\ . . 

o * Blacks and whites abe interested in science courses to the same 

extent at age 13' (p. 6)'. # -s , 

o Whites, more th^n blacks, perceive their science teacher as a 
pejrson who ljlkes and is enthusiastic about ^.science and 'tries to 
make.it interesting for students (p. 85). * * 

Vocfitionctl and Educational Interests 

o Blacks atfe more inclined toward a career in science ajid have higher 
educational aspirations in science than whites (p. 12)'. . 

Experiences yith Science-Related Activiti-es 

c ° * . >° 

o Blapks have visited science-related facilities, such as planetar- 
ium's, museums-, or zoos, less Gften than whites. To an even greater 
ex'tent, 'f^wer blacks* than yhites^havse visited outdoor places, such, 
"as oceans, mountains, or forests (p. 18) . 
6 ^Blacks, as ^ grcjjup,* report" significantly^ fewer science-related 
experiences-, such as viewing the moon»; and qorth* star - through a- 
telescope, observing a fossil or ^an animal* Skeleton, watching, srn 
egg hatch or. a seed sprout,- than do whiles <ppu 20, • 80) . 
o Blacks engage Vin extracurricular, activities, *£uch r as going to 
science lectures, , reading*' books and' articles oh science, talking 
about science, and doiifg, science, project^,, on* their .own more' fre- 
quently *tftan do whites (p. 86)-. / V . ' 

Personal Use* of. the Tools or Attributes of Science for Problem Solvihg 

, p . Whites, ?yer;age slightly above blacks in the*u£e t of Scienca'tools. a 
' attributes .for problem solving (p. 24). - 4 , * " / 

Science and Society^ r ' " S"" 

o^ Blacks are less confident than whites in their feeling tjiat scierae 
could solve some of our societal problems (p. 29). , \ ^ , s 

o* fewer 'blacks than whites are involved with societal problems* sucl) 

• ate ^ cleaning* up litter, walking ^r^ riding a' bicyc^p 1 to • conserve 

^fuel, or using less heat in th£f}pinter (p. 38). 
o- Blaqks afce less supportive 6f research in the sciences than whites 

t « (p. 32). , .* 




Awareness of the Methods, Assumptions, and Values of Science 1 



^6 Blacks 'score signi 
\> the methpds, assumpti 



ificantly lower than whites on * items 'relat/d to 
ptions, and values of^ Science ,(p. 44). * V ■ 



< Cognitive Characteristics ' ' - . * 

. o Blacks are significantly (10 ' to 12 percentage points) below the 
/national average in their knowledge, comprehension, application, 

and analysis/synthesis 49). . . 
o Blacks are significantly (12 to , 15 percentage points') below whites 
c i>n their "knowledge . of biology, physical scienceT earth science, and ' 
integrated topics (p. 49) . ■ f 

■ -o— On "questions ^related to prpce S s. v methods in science, societal prob-" * 
lems, science and selt, Applied- soierice arid technology, and deci^X* < 
. s^on/maka-ng^ blacky average sign if cantly ""fit) to 13 percentage*" ' 
poirtts) below whites in correct responses (p. 49). • • - 

Focus of Controi^Orientation * * ' * . 

* • \ 

o Whites are significantly more likely to believe that there are 
logical explanations to things 'one sees happening than are blacks 
(p. sir. 

*o Blacks are significantly less likely to keep on working' on* a task , 
• if. they run into problems they didn't .expect (p. 91) . ■ 

* v_ ' . . 
Summary . 

Patterns of performance for 13-year-old, black and white students 
on the total- number of attitude and cognitive items on the NAEP 
# Science Assessment show signifcant differences from the national average 
in each category of items (pp. '53, 77) . , 

All Cognitive Items (248 "items/: favors whites * % 

* < . '. ' ^ . 
Attitude itei hs; \ - ^ • 

: ~ * 

Person^ ^experienced "* ' 



o 
*o 



Science classes (39 itqms) : no significant, differences 
Vocational aspirations. (23, ,itenjs) t favors blocks • 
Science and self (23 items):- favors whites 
Tools and attributes. (35 items)': .favor? whites 



o;^ Experiences with science {90 items*) : favors whites 
Science £nd Society % ' 



o 
o 
o 
o 



Supportive of research /(35 items): * favors whites * * ' ♦ 
Personal involvement (24 'items) : no sighif iganb diffWences 
-Persisteht. societal .problems (49 items): favors whitest 
Applied ^science aftd- technology (14 items): f favors whites 
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Awareness of Science /(life items): favors whites 



It is almost imp^s.i"ble to interpret attitudinal data. Sometimes 
students check questions i,n ways they believe- tfiey should be Answering, 
and the investigator cannot be- certain whdn^thi'S. is the case* Overall, 
the information comparing 0.3-year-old' blacks, and. whites appears to 
indicate that blacks are equal;' to or exceed , whites in having a positive 
attitude toward science classes,t "Semiring to pursue science as a career, 
and, desiring to engage in - science-related activities. The data also 
show that blacks, compare'd to either the national average or whites, 
hatfe a weaker knowledge background in the sciences, do not understand 
science processes or methods, «and are less inclined to be aware of 
possible applications of science and technology to the resolution of 
science/social issues. While blacks would apparently enjoy a career in 
scMgkce, they see little likelihood th£y will become scientist^. ' y 

By the age of 13 years, upon entering the seventh grade, boys and 
girls, show distinct differences 'in their attitudes toward science as 
well as' in their knowledge of science. The same situation is true fbr 
blacks and whites. These" differences in the perceptions an^Ccognitive 
understanding of science were formed during childhood ot the years of 
elementary school education, but~ one cannot "necessarily attribute these 
differences to the conditions of schooling. It is somewhat more likely 
that social forces operating ^utsi^e of the school and different, cul- 
tural expectations £or boys and girls, as ''Well- as for blacks and whites., 
contribute, substantially 'to these differences. * Correctives for these 
^differences during the middle and junior °higfri school years in science 
courses are not observed to take place. 



* Students? Understandings of Sfcience ahd 
> Support for Scientific Research 

t * * 

As science has % increasingly become a basic part of the intellectual 
and social traditions pf the twentieth century, scientific literacy has 
grown in importance as a goal of science teaching. " Not only is an* 
understanding of science important as *an intellectual achievement, but 
it also^ has widespread importance for effective participation in aur 
society* Ali citizens today are faced with problems and' issues requir- 
ing scientific and technologi&al literacy for responsible decision 
making. • ' o 4 * 

What is the image of science held by 137year-o^.d students in middle 
and junior high schdols? When asked which of a selected list* of* prob-. 
lemS % they think scientists should be given money iZcf study, the$e stu*- 
dents responded a's follows (C06B01) : 5^ / ' 

*"* ■ * * 

1. * 93% would give money for. something Useful, suo&* as "efficient, 

lightweight waya of storing' electrical' energy (92%) . 

2. 73% -would not *give % money for things ;that probably wbid jjever be 
useful.- • . 



* 3V 70* or more pf the students /rould support research on* how X rays- 
change living cells, 80%; small parts .of the atom, 79%; chemicals 
' in sea water, 81%; how animals communicate, 7i%; and distant stars, 
73% . * 
* 4. A majority of students would give money to study how continents, 

move around, -64%; -storms on the surface of the sea, 61%; how genes 
*. - control plant characteristics, 64%; how gases °condense around 

crystal^ 66%; how bacteria and green plants live together, 67%; 
habits of fish in the ocean, 58%; and how monkeys- learn, 52%. 

5. Of least interest to these students is how mice react to dfugs at 
different times of .the day, 45%. , 

6. While students -indicate a preference for applied research, the/ 

* majority would not negate any study having the characteristics ofr . 
basic research. . L 

> A second series^ of questions, focusing on .financial support for 
m applied, science, was' asked, of 2,500 13-year-old studerfts. Their reac- 
tions were as follows (C06A01) : * 

t 1. Over 90% of the students would approve of giving money to study 
♦cures for cancer, 97%; earthquake prediction, 94%; methods- of * . 
• ^ reducing air pollution,, 95%; ways r "fco produce more food, 92%,' ways 
to solve the energy problem,. .96%; * ways to use solar energy, 94%; 
how to develop \ow pollution, electric transportation systems, 90%; 
and fire safety problems, 91%. * 
^ 2. Their next order of priority 'for research was -transportation prob- 
^ lems, 80%; ways to cure a very rare disease,, 81%;' ways to solve 
/ ^ population problems, ^75%; ways to control insects, 72%; how to 

.prevent droughts, 71%; methods of birth control, 70%; ways to 
, maintain a steady and plentiful supply of fish for food, 70%; how 
to make rain fall on farmland,' 70%; and methods of 'farming the^* 
• oq,ean. J * P V 

3. TVo- problems'. that dp, not appeal to students are how. people behave 
when they live in Very cifowded< cities, 3*%i and new ways to bi*jLld 
smokestacks, 20%. - . % 

^*'*-When s/tudents were asked whether .they had confidence that an appli- 
cation of science could help solve Certain science/society problems,* 
' thei? Te s§pnses were (C05A01) that science could do nothing to prevent 
.* ' wars,- 58f?VgjpntroMthe weather, 53%; or reduce world population, 50%. 
^ . They were, more confident that science • could in come measure- help find 
cures' for disease^, 97%; save us .from an energy Shortage, 94%; save our' 
^ rrattiral resources, 94%; reduce, air- and* water pollution, 89%; prevent « 

* y worldwide., starvation, 91%; 'and prevent birth defects, 76%., 

* % T^fuVther explore their confidence in science .endeavors, students 

* were asked to respond . to several questions (C05A02) . - When qpked 
whether, §6r the. most ^part, they felt that science and technology /will 
eventually ^fcolve most problem^ 'such as pdilation," disease) drug abuse, 
and ^ -crime, some ' of, these problems, or. f*ew, if .any, off these prob- 

„ :le?sr 78% of the 'students felt there wa7~a good chkncl science and 
. . > technology woul^ solve many ^of the^e problems. When ksketJ about their 
^ . g«foer&l reaction to science and technology, M% of the students replied 
*. "exfciteraent arid m wonder,- ^ and another 21% ^replied "satisfaction . and 
? . * * t 

o' •' • ■ - . . • . H ■' ■ • 
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hope." Only 2% view science and technology • with fear or e alarm and, 21% 
are indifferent. In responding to the question as to whether sclenc? 
and technology are changing top fast , too slowly , or just about 
right , most students (60%) sai,d "just about- right." The others who h^d 
an opinion- were about equally divided between "too fast" and "too 
'slowly." Responses to whether science and technology have changed life 
for the better or for the worse showed. 36%* opting^ for * "better" and 
4% for "worse," with 47% ambivalent. , , * . 

Students feel that sc^ertce and technology have caused s0^e of our 
science/society problems (39%) , and an' equal* percentage think only a few 
of our problems have their origin in science/technology. A few ^students 
*(7%) believe none of our problems are caused by sc?ience and technology, 
and 7% believe moist of our problems result from 'these forces. When 
asked about the degree of control society should have over science and 
technology/ 42% would leave things as -they are, but >26% would increase 
controls, and 11% would- decrease controls? 21% of the students had, no' 
opinion^ * * * * 

The. results of this Purvey of ^13-year-old students is remarkably 
close to the ratings indicated by adults on the same questions (17). 
Mope adults (70%), are*of the opinion science and technology have changed 
life for the better" compared to 36% for 13-year^old* students.* Students 
reactf to science and^technology in terms of excitement ^nd wonder (40%), 
rwheceas adults (56%) * choose satisfaction or hope on ihe same question. 
There are no major differerttes in ratings on .the same, sequence of ques- 
tions between 13- and 17-y ear-old students. 

Issues and programs of basic- and applied, research in science are 
only minimally dealt with in the most widely used science textbook* for 
gjrades 7, 8', and 9* and hot at all in some textbooks/ .Very little 
.attempt is made to articulate science courses with the understandings 
students have about science when they enter these grades (Id: 7). 

. ' • • 

To what extent are, 13-year-old Students aware of methods, assump- 
tions., and values in science? tfhege attHbu.es provide some notion of 
the extent to which *at r udenfes- a^e attaining a 4egr#e of scientific liter- 
acy." Students are aw.are that?* *' < >> 

*v i. Unexpected observations have played an important role in- 
increasing scientific knowledge, 68%. * ' • 
2: Scientists do not always find/answers to their questions, 77%." 
3.' .Observations -of natural events are very important sources of 
scientific information, 73%. 

There may>be different methods of solving a single scientific 
problem, 78%. ' 
5. .Scientists do not* assume that some 1 events " have • mysterious 
causes, 47%. * 



For Items 'V 3, and 5^ one student in* five had no opinion (008A01) • 

' • ... . . > 

To o6£ain some- notion of' whether these students are .aware of eth- 
ical and value assumptions inherent ih scientific endeavors, they were 

, ' •'• "a ' ■* 

<.**'. ' 
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worT'^f? Cat ^ their f6eling 01} statements ab °<* scientists and their 
wQpk (C08A03). They agree with the following statements: 

• l * ^ w^'J"?"*"* 3°b -of a 'scientist is to report exactly 

what .He or' she observes, 88%. • 
- - 2.. Different scientists may give different explanations about the 

same observations, 87%. % ^ 

3. Scientists., must be -willing to change the/r ideas when new 

information becomes known, 79%. » 

Students disagree with such 'statements as*: » 

*...'/ ' • .' 

h J f o' a 1 *- reSe !i Cher accuraiel ? "ports his or- .her experimental 
- Y. resul ? s ' other , researchers should accept the' results without 
. • ^ question, 61% . 

. 2, Once scientists develop *a good theory, they should stick 
together toprevent others from saying it is wrong, 45%. 
3.„ Scientists^ftould hot criticize each other's work, 25%. 

r ea ^o a cvT eWh ^ level ^ f ignition; the students -were asked' to 

react to statements about-scientific theories (C08A02). Their reactions 
to statements about theory are: *»" - ons 

* • . • « 

( ,1. . 81.% ".feel scientific theories are important products of 
science. '-*,•»..« 

2. . 79% believe scientists are interested* in improving their 

explanations of. natural events. . 

3. 69% bejieve that some theories that scientists .use today will 
be shown to be inadequate some day. 

- incompSe iZe **** the ° rieS are usefu /even though" they may be 

>. 5 ' 59^% are aware tKat one important use^f a scientific "theorW is 
to predict future, events. • 

lBpf ^-year-old students attempt to carry the attributes and- Intel- ♦ 
res-nd £ °\ SClen ? e int ? their **** "ve.? Students were asked to 
E * *»stions involving an aspect of . scientific inquiry and to 
Son 3 JL**S*-" < USe '< Their . res P°" s ^ ar* summarized in Table 1 ' 
(C04A01). -The information in Table* 1 reveals that most student! (78%7 
feel it is important to* look at all sieves of a question (Item 5) before 
making, a dec sion, but are less inclined (45%) to- gather a variety of* 
information (Item- 12)-. s£ r 64% of the students, a book on science 
represents an authority (?tem 2). A*majority of students ( 69 % S 



Table 1. 



Personal Use of the Intellectual Tools and Attributes of' 
Science by 13-Year-01d Students . / \ - 



* QUESTIONS 

1., How often do you try ideas to see if they work? 
2. How often do you believe* what you read in books? 
3. 



4. 
5. 
6. 
7. 



How often do you check your school work to see 
if 1t is accurate? 

How often do you read labels* when yotJ are try- 
ing, to decide^whether or not to buy a product? 

Do you think 1t is important to look at all 
sides N of a question before you make ardeclsion? 

Do you believe there are logical explanations* 
for things you see^appeft? 

How often do" you prefer being told an answer 
rather, than h/vlng to find out the answer on* 
your 



rather, than h/vlng to find 
your own? \ ' 

How often do Irke to fi 
work? 



gure out how things 



*9. When you find out your* ideas don't "fit the - 
facts, do you change your, mind? * • r 

10., How often do you keep^workirtg on a task even if 
you run 1ntO f problems that .you didn''t expect? j 

11. When you try out g new idea and find it does not 
work, do you feel you'have wasted your time? 

12. How often do you gather a variety o.f informa- 
tion before you make a* decision? 



% * 
ALWAYS 



8 

23 
23 

37* 

55 

24 

10 

27 
17 
15 
8 
10 



% 

OFTEN 



32 
41 

27 
25 
23 
36 

19 

42 ~ 

28 

37 

12. 

35 



% 

SOME- 
TIMES 



50 

27' 

30 
16 
18 
35* 

40 

23 
45 
32 
38 
35 



% 

SELDOM 



9- 
7 

15 
15 

3 



25 

7 
7 

13 
23 
16 



% 

NEVER- 



1 

0 v 
4 

5 

1 

1. 



1 
2 
2 
19 

3 
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Thirteen-year-old students jfere asked, about the., extent 
they engage i» problem-solving activities outside of science 
(C04A04.). A majority of students have: 



to which 
classes 



1. 
2. 
3. 
4. 
5. 
6. 



Done fin^ experiment, €2% ^ ( 

Taken measurements, 76% 

Made car^Gl observations, 68% 

Worked on a pa& of a problem at a time, 80% * 

Tried to find out more facts about a problem, 77% 

Thought of several ways to solve a problem,, 83% 



% These studtentsf had attempted to work on the following types of 
problems at 'least once (C04AO2) : 

1. Fitf something electrical, 83% 

2. ; Eix something mechanical, 86% % *. 

3. " Figure out what to do witk an unhealthy plant, 79% 

4. Figure out what is wror\g. with an ^unhealthy animal/ 94% 

These* students believe that what is learned in science clashes could be 
helpful in (C04A034* 

91 . * 



V 



1. * Driving a car, *42% 

2. . Cooking, 60% 

3* Shop^ihg*^ 45% f ■ , ' 

TlZ V^JtlZlL?* th6y and tl * ir f milies make use of science informal 
tion in (Cj04A06)? ♦ , * 

1. Deciding what food to eat, 60% , 

2. Keeping, healthy, 83% 

3. Deciding,' t how many vitamins to take, 47% 

4« .^Choosing a toothpaste, 41% v 

5 - -Deciding whether to smoke cigarettes, 60% 
■ 6. ' (C04X05) Understanding how their own bodies work, 81% 

' t^V^T 8 be J ieVe th9t Scierice V^ful. outside of class (67%) and 
' ' (C04A05?° ^ ptocedu . res have ^.-wi^use than In the laboratory (77%)* 

' . By the- time students are 13 years old, 54% feel they majce frequent 

• - I SC1 V p 6 ° UtS v d ' e ° f ° laSS ' knd 56%/ State that the y ha ve frequently 

• used scientific methods to help plan some part' of t'heir lives (C04A07). > 

.-■A goat*' of science • teaching is to acquaint students with career 

•°mrtunitiesjt_an early stage of their schooling, so they-may know the' 

| , . options open to them and the special obligations and requirement^ for " • 

entering car.eers that interest them,. The sciences offer a range* of 

career opportunities, from skilled technicians to researchers, in* a - 

' ' V *l iet Jj of sub * ect How do 13-year-old students perceive their 

' l^i I?/*' 1 * - th6ir -- P° tentials for - *■ career in sciencef' When *skec ' 

" * 2 *h tT^l intereSt ln 3 selected lis * of "science-related- 

tasks, they. would like (C02A02) : * 

■ ■» . ' * . . . 

• * .» , ♦ . v 

1. Working in .a laboratory, 46% 

2. - Maki%r field -studies, 34% .* ••' , . „ 

3. Reading science articles, "$2% 

4. " Sharing ideas with others,, 77% • "\ 
* 5. . Writing reports about their findings, 46% 

6.' • Designing and building things, 66% - . 

To further -learn the interest these students might have' in science* 
Zl^'^ZlV'™ ab ° Ut -"vities . they would 

> / .. . ' , V 48 J WOu * d lj * e a job^thatyets yo u 'use' what you" know abouP 

science* \ \ , 

* 9 % . .2+ : 43% want to ' worjc with scientists * in an effort to solve * " 
problems. • » 

3. 91% wolCLd like to visit a scientist at wbrk. 

4. ' 49% would like .to Ifnow more about "jobs in -science or 

^ engineering. % „ 4 

\ * v , « 

• Most students (76%) feel, there are soW-related .jobs they 'could do, 
. bjit only a third (33%) plan to take .ore science beyond' the school 

* - if '* . 
o ; . - • 92 . v * 
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requirement, 32% are not sure, and 35% are sulre they do not want to 
\ake more science (C02A01) . . * - 



Dulc 



When these students were asked what working in . a science , field* 
would mean for them * personally (C02A01)/ their responses were: It 



would 



1. • be fun, 49%. 

2. be too much wprk, 50%. & / 

3. be something I could do, 6$%. \ 

• 1 .4. , be Coring, 52%. * ' , t ~ ■ . ' . . 

5. -roake me important, 42% * • 

6. take too much* education, 42%. * ' ° 
7/' be lonely, 59%. ^ 

When asked for their personal^ reaction to the education and train- 
ing njeeded'to work in a scientific f ield, /fiheir;- f eelings ; were (C02A0.4) : 
It would ^ : r ^ * 

• . - ' • - . \ , 

1. cost too much. money," 37%. (Only T 26& stated it.,would not,) /. 
\2. be worth it in the long run, 57%. * - ^ 

3^ 4 'open mimy job opportunities for me, 63%. # ' ^ 

4> be worthwhile, eyen. if I didn't go irito a scientific field, 

^ . 55%. < ^ « \, . # 



An Interpretation 



, Thirt^m-year-old students in middle and junior higK*scl\ools demon- 
strate, a surprisingly .well-informed image of science.- As ag?oup, they 
know what science meanfe as an enterprise and as a procedure for generat- 
ing new knowledge and- insights. Thfey sfee ways, in whiqh * science t can 
serve *them personally and 1 can resolve science-based sobial. problems. 
Furthermore, by the age of 13, they haye. formed preferences among .prob- 
lems they. would .like? to have scientists wotk on. As might be expected, 
most of thfse problems are in the ..category of applied Science, but basic 
research is not overlbokedV We* would have to conclude from the data 
that they have, >y onfe means or another, Required a* respefitable, degree 
o^Tscfentific"' literacy. Mdkt of wttat they appear to know about science" 
as an intellectual ende t avor * is not found "in ttfe textbooks they have 
used. Growing up in a*science-oriented, technological a society in itself 
can account for part of what tttey know, \5ut not all, 



. ' Educational Equity 



.The* question of equal educational opportunity w£s a * prominent -is^ue 
during the 1970s, and it^continues to, be important. The problem arises 
from attempts to redognize student ^differences on pne hahd and, on the 
other -hand, to treat all students as equal, * "Maihstreaming, " >-for 

« '- s - 
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example, represents this conflict. Ma ins t reaming attempts to provide 
equality of education and, at the same time, seeks to accommodate diver- 
sity (lj:20)^ , "Tracking" is a practice of .assigning students into 
groups with different long-term objectives in mi,nd and with* lessons that 
differ in . complexity and comprejiensibility (le:14.)« "Grouping" is a 
temporary assignment of students to groups to facilitate study toward 
common objectives, with "students returning to 'regular classes on the 
next .assignment (le:l4). Eighty-nine percent of junior" high r 'school 
principals in the ^sample dp not ,u^e tracking; 50% prefer groups cfaly 
when there is a likelihood ofv improving instruction (le:15). ' 4 

Only 50% of the principals feel either grouping or tracking gener- 
ally improves* instruction (le:15). Seventy percent believe that 
sustained and -heavy emphasis on homogeneous grouping is unfair to stu- 
dents (le:45)r and ,69% of the parents agree, (11:^2). Fifty-three 
perceht of parents would favor grouping if it would improve instruction 
(li:32). Principals arp somewhat more inclined to think of trackirig in 
terms of the learning ability of students than in terms of improving 
instruction (li: 32) . 

Abobt half of the grade- 7-to-9 schools group students for science 
instruction (2:34), usually homogeneously ,(lj:15). In 69% of th£se 
Classes, .students are of mixed ability, although - 13% of the schools have 
some high-ability classes, and 17% have special low-ability classes >(3:B- 
7,le:&)% It (is at the junior high sbhool level Ahat schools begin to 
classify -students as fast* or slow learners (lc:l), and students with 
' special^ talents are likely to be accommodated through extracurricular 
activities, special incentives, -or privileges (li:33). Special educa- 
tion people are rtot^ involved with science subject matter biit focus on 
instruction (Ie:7). * 
• * 

. Teachers are looking for ways to make classejs less heterogenous 
(le:6); *near}y half (47%) make use'pf individual assignments^ or doing 
so (3:B--62) V Others use teacher aids to work Vi^h individuals or small 
groups aezl). Dividing a, class into small groups based on ability 
(le:7j or attitude toward school work .(l£:26) or using self-pacing 
'instruction (2:3^5) .are other means of dealing "with the problem of 
heterogeneity. Absenteeism in spools automatically works to reduce 
heterogeneity (le:6), as .do ^efforts ' to isolate or expel misbehaving 
students* (le: 12). However., about half the time, it is the misbehaving 
student who gets first attention in class Ui:66). It has been sug- 
gested that "some degree of homogeneity could b<f attained by not 
requiring slow learners to ^tak£ science, but 93% of 'the science super- 
visors are opposed, to this petition /{lc:2). Educators and most parents 
wapt students to take science, yet most are not .supportive of changing 
the course to fit those* not bourtd for college (.lc^2). The elitist aim 
of science teaching begins ^o* th^ junior high school (lc:20). 

* Individualization of m instruction in schools is overshadowed by' the 
importance of meeting minimal Requirements in -courses and achieving 
common , terminal objective^. The schools respond by operating expedi- 
tiously in terms of simply getting the curriculum job .done (le:13). 
There are doubts that individualized teaching would contribute much to 
equal opportunity of -education (le:21). Another concern Is that ability 



V 



- ■ \ • r. v * t V • \ 

grouping of students results \in pooreV students- >g^tting the -poorest 
teachers (le:^6>lc:21) . While, the ^ m^j^ity dff* 'teachers iter V .with - 
classes in axgroup .setting', 3,5%, of th^. science teachers seek to" Work «%' 
with students as individuals (3: 111). ' ~ * / \ ' x 4 < 



Reference toote 1 ' " • $ • 



0 , 



Numbers such as C01E01' refer to^NAEP science item§, ireleasjbd aad \ * 
unreleasedT Released items are from The Third Assessment o£ Science, , /* 
1976- 77 , -Released Exercise. Set.- ftepor€ **K6.. 08^S-00, May, 1978; 1JAEP, ^ A** L 
Education Commission of the Spates, 1860, Lincoln street/ Denver. 0 " " - ,* " 
✓Sqlo^ado 80295i . \ 1 . ' , * ' i 
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. CHAPTER 4 

SCIENCE CURRICULA 'AND INSTRUCTION 



The early adolescent is enrolled in schools that have more varia- 
tion in administrative organizational patterns than is found for other 
age groups of students. There are middle schools - (grades 6, 7, 8 or 5, 
6, 7 ? 8)*, junior 'high schools (grades 7, 8, 9) , and intermediate schools 
(gradea 7, 8). Each of these typically i3 housed in a separate building 
and considered an administrative unit (2:13,14). Grades 7 and 8 are 
sometimes part of a K-8 elementary school and are administered as part 
of the elementary school. In other instances, grades 7, 8, and 9 form 
part of a six-year secondary school, with all grades in the same build- 
ing and administered as a secondary school. This arrangement provides 
an* opportunity for ninth-graders to take, science courses at a higher 
grade level (3:63). In general, these schools have specialized science 
teachers serving all grade levels'. 

• Qenetal sfcience is the commonly taught science in junior high 
schools; 95 j % p offer the., subject ' (2:88) ♦ While general science textbooks 
typically r &re written ''as a balanced series of .topics for a three-year, 
sequential program, this is not the way schools use them; for example, a 
text series in general science is used in 76% of the seventh grades, 66% 

/of, the eighth grades', but only' 6%> of *the ninth grades (3: 53} : N During 
the science curriculum improvement' drjve of the 1960s and early 1970s, 
discipline-cente/ed courses sucn-as life, earth, and physical spience 
began to replace general science , (2:lp0?182f. By 1977 r 20% .of the 
science offerirfcjs in grades ^7 through 9 wSre in earth Science, 21% were 
in life science, 13% in physic^L^sciepce, and 5%.;Ln biology I (3:53) ♦ 

% Environmental/ education bourses wefe about the only interdisciplinary 
teaching found in the science curriculum (ld:18). 

: In junior high schools ^(grades 7, 8, ,9) #*the enrollment?* in genera£ 
science courses was -5,212,318 in 1977; in the discigli'rie-brganized 

* courses, f 2, 807, 315 students, or about one fflillioft stpdfents each, were 
^enrolled, in life science, earth science, and physifcal science (3:58, 61)\ 

'n«neral'i science i£ the only science ( program offered in 5,0%* of these 
5*chools ; (3:56.). Most of the diversity in Science *cpurs4 offerings is 
'"fdqpd. in grade 9, Where general science, physical, science, biology I, 
and' e$rth science frequently are taught. However', junior high school 
science teachers feel there are fewer prpgraiqs available *o them, and 
thos£ the^t are available ar6 not appropriate to .the. neetfs of their 
students (2:95) • - 1 • » * 
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rH^I^" " little consiste "cy in the pattern of offerinas of 

^cw/g^e ?; Ph . ySiCil SClenC6 ' *"de •» and earth 

2 * 2E£ 9rade ?; ?arth SCienC6 ' *" de »' and life 

ready for ^T^^^^r^ 1 " 11 ^ is " ttin * s ~ 

grades"?s he to W lL k 0f J 1 ^' 9 char acter of the 'science taught^in these 
grades is to look- at the textbooks, being used. Forty percent of J 

^T1i % in fr j ra or iifi 9 * * chools are ' taugh? from a ~^S^ tJ£ 

tab aL «* ? llfe v s " ence «■ Oology text, 21% from an earth science 
text, and 8% from a physical science text -(3:8-45, ld:18, 2:88) . 

At least one of the federally supported, innovative science nurrl- 

TlllTLXi in jUni ° r high -n-lVwas oe n^ Zl Tn 

III ° f Q ^ e sch ? >1 fistricts during f the 1976-77 school year (3-80) The 
W c len « iCarriculam project (Efecp) ^ year (3 80) The 

^si^Science ^ psT by"/^™ (ISCS) by *^~y 

.Strategies (OBIS), by 3 % P-B-23 ' ^ Inst ™ctionaf 
™ Ua ?, \ /* Dy J * The Human Sciences Proqram mqpi 

till I i i° y 10 90 ex P erime "tal form, was used in '2% of "e Sor 
nigh schools surveyed (3:B-23). * * junior 

sin i: »-. jT=sa- 

W.B-J9), and none of the school <; c,iV,, Q ,^-q . j.axs . 

program (3.B-19) of sl J Weyed are Presently., using -the 

,^ 1 ,J, ° -"J* °£ the school personnel who am ovn „f 0 j . , 
about new science ™rrin,,i, „ v expected to know 

a™* «,^r , en ?. e cu mcula, such as' science supervisors, psincinals 
25 o Ulm Erectors, only 16% know about OBIS, 22% abouTSS ^ 

about ISCS, and, 43% about ESCP (3:B-29). Less than SO* of ?f T'^ 
have seen anv of i-v, Q * j - than 50 * of the teachers 

n«jpe seen any of the new federally sponsored curricula (3-791 Pnr ^ 

previous school year /3:99). s>xignc±y larger in the 

* > * 

^ Schools in the northeastern 4 United qfcafpq e ma n J.**.* 

in the .1976-77 school year (3-80) a Z 7"? Sp £ nSo f ed science program 
n.n mv ' (J.ouj, a drop m number from previous vears 

<^n. Yellow, a„a Inteta c t J„ tt I^Z^S 



B-39#85); these courses, however, were not developed for use in grades 
7, 8, and 9. There also is a drop in the use of all federally -sponsored 
science programs since they were, first introduced into middle and junior 
high schools ~(3:B- 39) . Administrators and teachers turned against the 
federally supported curricular when they found these prpgrams at odds 
with their own purposes an<3 dif&Lcult to manage (lh?22). • 

Another factor restricting the use of the curriculum reform 
material^ was a failure of the developers to consider * local schools, 
local goals, and the practicing teacher (lh:27). * Furthermore, the 
dedication of teachers to the sdcialization of students, as well as 
their own efforts to conform to^ the * sociaj., norms yf the community, 
provide plausible explanations of why teachers reict negatively to 
curricular and pedagogic innovations (lg:ll,26). Vrincipals feel the 
federally supported programs improved curricular alternatives (58%) and 
the quality of instruction (27%) ,^and, 66% believedAhe federal govern- 
ment should continue tQ support curriculum deyelopment projects (3:76). 

A single textbook is the, curriculum in i50% of science courses in 
these schools; 25% of t^e teachers use two textbooks and 21% use three 
or more (3:89). Six percent state they do not use a textbook * f3: 94) . 
Of the junior high sfchool science classes, 38% are taught from a general 
science 'textbook, 30% from a biology or life science text, and the 
remaining are -taught from a physical or earth science book (3:B-45) • 
The science textbooks most often used bW teachers Tin 1976-77 wefe copy- 
Tighted before 1971 in 22% o^ the schools, between 1971-73 in 31% of the 
classes, and 25% had copyright dat&s between 1974-1977, with 16% of the 
teachers stating they did not know the copyright datefe of the books they 
were using (3:96). School districts with the highest per pupil 
expenditures ytise the oldest textbooks (3:95). Survey results suggest 
science te^^books were not beito replaced as rapidly 1977 as they 
were in ttfe late 1960s (2:123). The typical junior high school textbook 
was two to four years v t>ld; the mo'st recently publisli^ books in u^e were 
those on earth science" -)(2: 88) . 

For grades 7* 8,' and 9, thirteen science textbooks account for 
"nearly 50% of * the adoptions and, of these, three accouhj* for '21% of the 
adoptions* (3:B-45). The variety of science 'textbooks used in t^e 
remaining £0*% of science courses is not 'known, except that no single 
tejctbook is used by more than 1% of the schools (3.:B-45j. Of the 13 
most Y*^" e ly used textbooks, six ate 'iji the life* sciences without one 
•text dominating the field (^:B-45). 1 . 

9 More than -40% of the teachers use the teacher's manual that accom- 
panies the v textbook. A third use the publishers' tests; 26% use the 
"hands-on" material accompanying the text; and le # ss than' a third make 
use of audiovisual materials .related to t\\e textbook » (3: 97)-. However, 
in approximately half of thet school district's rtone of these materials 
are available. \ * 

The controj. of textbook adoptions by state agencies has become less 
restrictive in many states during the past two -decades (2:123). Teach- 
ers are increasingly involved in selecting textbooks; in only 2% of the 
schools teachers are not heavily 'involved (3:98). Students, parents, . 



and school board members are only minimally involved (5%) and super in- 

. '^! n f!I^f °P ly sli 9 htlv more '15%> '3:98). The selection of science- 
textbooks is done by teacher committees 70% of the time, other school 
personnel are involved as' follows (3:B-48,B-49) : individual teachers, 
62%; principals, 56%;. and district supervisors, 31%. Teachers generally 
are satisfied with the textbook tney use, and 63% would choose the same 

^2^ ain glV ! n the x hanC6; f .° r 1W of the teachers, their present 
teStbook is one they have^used before; another 17% of the teachers have 
no preference among textbooks (3:100). 

Teachers view the 'textbooks the heart of the instructional pro- 
gram (ld:65,66), as the subject matter that must be covered in a course 
(lg:56), and as' the authority for. the subject matter (ld:59). There is 
. , little agreement among Whers on what should be taught in junior high 
schools (ld:5, 6). Typically, it is the "old science," a passing along 

JnH^i Ji7V 1 T th - Pr6Sent adult UPP u ^tion when they were in 
school (ld:7). The selection of course materials does not seem like an 
important topic to teacftens and administrators (Id: 65). 

^ * 

Twelve percent of the grades 7 through 9 schools surveyed are using 
textbooks or curriculum materials developed primarily for use in 
elementary schools, such as COPES, ESS , 'sCIS- and i¥1t3:B-19,B-33) 
• Twenty- two, percent are using textbooks written for use in high school 
such as BSCS biology texts, PSSC physics, Project 1 Physics, and CHEM ' 
studychemistry (3:B-19,B-34) . We can presume most of these high school 
textbooks are used at the. ninth-grade level and are more often found in 
- a tour-year -high school than in a middle .school organization. 

Th f£V iS /. 9 f n f ral criticism of the textbooks used in school 
expressed by administrators, supervisors, teachers, students," and pax- « 
' 2? . t " agreement, as, to the ma^or weaknesses. -For example, 

SS^f; ;% (5 ! %) -' w ! u P erviS ° rS (43%) ' and teachers* (55%) think the 
reading level is too high, but only 26% of the students and 16% of the 

S r ^ a9ree llU ?}' 9 V- .Forty-two percent- of the" students feel 
textbooks are out of date, but only 17% of the teachers, 13% of the 
supervisors, 10% of the administrator's, and 3% of the parents agree, 
(li:91,'92). students (20%), and parents (i 7 %) think -science concepts 
are too difficult, but only 11% of the teachers feel this way. students * 
are more convinced (27%) than th'eir teachers (14%) that there is too 

, much frivolous material in textbooks. Teachers (22%) and students (16%), 
are m closer agreement that the^ subject matter of textbooks is poorly 
Ull^t tOCOur S . e te ^ s ai:91,92). in- a sample, of 894 school adminis- 

^tlllZ r?! rV1 T S ; teachfirs ' students, and parents, only 13 persons 
/ considered the school science curriculum as worthy of praise, and none 
ot these was an administrator or teacher (li:95). • * 

instructional arrangements for the teaching of science are year- 
long courses in 86% of the schools (3;65). .In grades 6, 7, and 8, 
between 110 and 140 minutes per week are devoted .to science instruction 
(2.32). More time is allotted to science courses where the NSF innova- 
tive curricula are used (2:32). The typical class enrollment in science 
is 31 students, slightly higher than for either mathematics or social 
studies classes at the same grade level (3:67). The average class load 
tor a. science teacher is 4.6 classes^* of the teachers teach four or 

ioo . . / . 



fewer classes, while .57% have teaching loads of five or six classes, and 
5% have seven or more classes (li:20)« 



. < 

Dissemination of Information About New Science programs 



The lack of a national, centralized, educational, system in the 
United States makes the dissemination of information about ^new instruc- 
tional programs and materials to thousands of schools a difficult task. 
One way teachers and principals have learned about new programs is by 
attending NSF institutes. Typically, programs for staffs of middle and . 
junior high sch<?ols have not been vilely available; thus we find ,only 
23% .of the' principals and 21% of the teachers have attended one or more 
institutes^ (3:71). The numbe^ of teachers who have attended an insti-* 
tut£ varies throughout the United States, thos,e in the western < region 
having a higher (32%) attendance (3:70)/ Two-thirds of the state super- 
visors 6f science have attended one or more NSF programs such as summer 
institutes (69%) , inservice (18%) , academic-year (30%) ,- -administrate* 
(3P%), and leadership development (3.0%r) (3:70*B-8). Of those persons 
generally responsible for lo6al curriculum development,, 40% have 
attended an NSF summer institV^e, 18% have attended an inservice 
program, and a smaller percentage (less than 10%) have attended other 
types of informational pr9grams (3:B-9).' One in four. school principals 
has attended artv NSF program— summer: institutes ^ (10%) and inservice 
programs (5%). account for half of their involvement; Tihese . figures do 
not necessarily mean that trie NSF program vjas oriented ten science 
(3:B-10). Among the many NSF programs available, .the summer institute^ 
hav§ been most * widely attended by administrators, supervisors, and 
teachers from middle and junior'high schools (3:B-11). 

Teachers, state supervisors .^-and district curriculum respondents 
were asked^te select the SJ^^et of materials with which they are most 
familiar and\o indicate wRre they learned about it- An additional 
criterion- for the state supervisors^ included the program they had put 
forth the most effort to disseminate Y3:72). ' The major • sources^ of 
information fo'r state supervisors are publishers and -sales representa- 
tives (84%) journals and other professional publications (76%) , 
meetings of professional organizations (67%), federally* sponsored -work- 
shops (65%), and teachers (54%); all other categories of information are 
less than_50% each (3?73,B-13). r \ 

Ttfe local ci^riculum respondents for grades 7 through 12 reclive 
their information about new science programs from publishers (63%), 
teachers (62%) , journal's and professional publications (-61%) , college 
courses (49%J, and professional meetings «{4>4.%); other* sources are of 
less significance, under 30% (3:B-14). Teachers learn about new Science 
prd£rams mostly from other |^achers (66%) and from college courses 
(53%)," followed by publishers (37%) . (3:B-15J . Approximately a fourth of 
these' teachers get information on a new curriculum from -a subject spe- 
cialist (26%),. federally sponsored workshop (23%), or professional 
publication '(28%*)*. ' Inservice programs are not a frequent source of 
^information. (18%) (3:B r 15). ' * ' 



Half of the states^have a means, through the state science super- 
visor, to, disseminate information on new curricula. The new science 
programs disseminated hysome of these states include (3:B-17)»: 

Intermediate Science/Curriculum Study , 85% - 
Earth Science Curriculum - project , -^76%- -l 
Introductory Physical ' Science , 74% ' > 

Outdoor Biology Instuctional Strategies , 62W * . - 

^ Time, Space , a_nd Matter , 49%- % - . 

University of Illinois Astronomy Program , 10% , 

. Informatioh about the two BSCS programs for special education 

, students, Me Now (35%) and, Me and Mv. Environment (39%), also is 
distributed by 'state departments of education, as well as the BSCS 
Hjjman Sciences Program (37%) (3:B-17). Typically, sbate supervisors 
use a variety of activities to disseminate curricular materials, with 
mservice meetings and discussion sessions Banking 'highest (3cB-19) 
Such activities have resulted in the adoption of at least one federally 
sponsored curriculum program by 39% of the schools (3:80), but 17% of 
- the local school district respondents report they , have not heard aBout 
any of the federally supported^ science curriculum studies (3.79) 
Information about new science programs iias been more widely distributed 
than information about new programs in . mathematics and-^ociai studies 
' (3: 76) . 

How do state science supervisors go about disseminating information 
n about a specific science program? The-most common method* (95%) used to 
/ inform teachers about new materials is .simply a "discussion of the 
materials with the staff\ Between 80% and 90% of -the supervisors also 
conduct workshops, arrange for consultants or sales people^ to meet with 
• teachers, or* send out written descriptions of the new materials. 
• Approximately! 75% «of - the supervisors send out sample materials, arrange 
_ for teachers to see a new program in action, or directly assist teachers 
LSl t? 8 materials. To a lesser extent -(65%), Supervisors, 
arrange for tbachers to attend a meeting or institute to learn about new 
materials (3:|B-19>. 4 ™ 

• To see or learn aboift a new science program is important, but is 
the information of much value or use? Teachers perceive the information 
they obtain from other teachers' to be very useful (52%), 'as well as that 
from professional journals (49%), and college, courses* U4%) '(3:B-ll8) • 
VWhile 49%-- rate professional' journals their, most useful source of infor- 
mation, only 63% read such journals (li:24). . Of those who do read 
professional journals, the average number of .education articles read per 
month *s 5.5, and the. -number of articles on tecience or science teaching 
.is 12.1 per year (li:24). These teachers r<Ud an average of 5.1 'books 
on education per year and. 4. 4„ books about science (li:24). 

• Federally spo'nsoW-Wrk shops -are. seen as very useful for obtaining 
information by 26% of the teachers (3:B-ll8);' however," only 32%. haye 
attended an NSF institute (3:69). ' One teacher in five feels the infor- 
matipn- obtaaned at professional meetiiws and from inservice programs is 
very useful (3:B-ll8). Information about, new, programs obtafned from the 
•following sources is rated very ' usef ulj by relatively .few teachers: 
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principals , 13%; local subject specialists, 17%; state department 
personnel, 7%; teacher union meetings, 4%; and publishers, 9% CJ:B-118). 
A survey of 535 science teachers revealed that two-thirds, of the 
teachers do not find professional journals particularly useful as a 
sourpe of new curricular information; while three-fourths * of the state 
science supervisors do (3:156). , J 

School superintendents (55%) feel that the federal government 
should gfve more attention to the dissemination of information about new 
science curricula (3:77). At the same time, about halt of the super-' 
intendents are concerned that federally supported curricular and 
dissemination efforts might foster a national curriculum (3:77)?. 

Principals feel their most useful sources of information about new 

instructional materials 'are professional journals (71%) and meetings of 

professional organizations (47%) (3:121). Approximately a third of the 

principals feel the information they obtain from other principals (39%), 

local subject specialists (36%), coirege courses (3,4%), teachers (31%), 

and local inservice programs (30%), to be very useful (3:B-121). Less 

useful is information obtained from federally sponsored workshops (19%) , 

publishers (10%), and teacher union meetings (0%) (3: 151,B-121) . 

* t — i * 

, District curriculum respondents rate professional' publications 
(55%) and meetings of professional organizations (42%) as £he two most 4 
useful sources of information, with teachers' third (33%) (3:B-123). Not 
more than one respondent in four rates pther sources of information to 
be of high utility; for example, college courses (26%) , local inservice 
programs (25%), federally sponsored workshops (24%), other specialists 
(19%) principals (18%) , publishers (14%) , state department personnel 
(13%.) , and teacher unions (2%) (3:B-123, 151) . Knowledge about sources 
of curricular materials' is seen as the major responsibility (8*9%) of the 
science supervisors for grades 7 through 1*2 (lg:45). 

State science supervisors find their most useful sources of infor- 
mation on science to be professional publications (72%), professional, 
meetings (66%), state department personnel (61%), and local sObject 
specialists (51%) (3:B-124, 151) . The f611owing also are listed as very 
useful , sources of information, but less X, re< I ue ntly (3:B-12<t, 151)^: local 
inservice programs (31%), publishers (281%), teachers (25%), college 
courses (10%), principals (6%), and union meetings (2%^. * 

' ( 

'Implications N 

The network of communication about new curricula and instructional 
materials ' is centered in professional publications and meetings, where 
the source fif information is described, along with the usefulness* of the 
information. Teachers are a -major link in the communication chain as a 
source of information not only for each other but for curriculum coordi- 
nators, supervisors, and principals. What is not clear *4s *the teachers' 
original source 'of information about n%w prpgrams. One suspects it is 
from a^variety of sources. This results in a chain* reaction of seeking 
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infotmation among teachers. NSF summer institutes and college cou'rses 
also kre important parts of the communication chain. While commercial 
organisations- appear to be an important .source of information; they are 
not jigged to be the most useful to school personnel. 



Deterrents to Effective Teaching and Curriculum Implementation 

Science teachers perceive a number of factors that act as. deter- 
rents to their very best science teaching. These teachers also suggest 
how some of these conditions might be alleviated. The "most serious 
problem, stated by 87% £ of the science teachers,' is the ^inability of 
stiSaents to read as well as they should, and two- thirds of the teachers 
feel students are not interested in science, (3:B-.128). Students also 
are considered 'less well behaved (2:J.t)0). Somewhat more than \a If of 
these same teachers state that each of the following factors acts as a 
deterrent to effective teaching in 4 their school's (2: 100,3:B-128) : » 

1. Inadequate facilities s 
- ^ 2. Insufficient funds for supplies- and equipment » 

3. Lack of materials for 'individualizing instruction 

^ 4. * Classes too large 

5. Inadequate articulation of ih^Jtruction across grade levels 
* 6. Not ^enough diversity in -elective courses . . , 

Thirteen percent of grades 7 through 9 science teachers feel they are 
not adequately qualified; to teach science (3:144,2:99). 

/ _ 

Factors not considered a serious deterrent to science teaching by > 
60% .to 80% o£ the teachers were (3:B-128): 

1. Low enrollment in courses * j 

2. Compliance' with federal regulations . % 

3. Their own interest in science teaching 
4r Insufficient^ number of textbooks ' 

5. Their own inadequacy for teaching science 

6. Not enough time for instruction 

7. Difficulties in maintaining discipline v " 

8. /a belief that science is less important 'than other subjects 
$f Lack of planning time for classes ' / 

^Aw. Out-of-date teaching materials * - * 

A majority (80%) of grades 7 through .9 teachets state theyneed • 
help in some aspect of teaching science. Thfe most serious needs identi- 
fied by nearly half of thje teachers were (2; 101,3:B-112) : 

1. Motivating studehts' 

2. Obtaining information about instructional materials ' * 

3. Learning about new teaching methods, especially implementing a 
discovery/inquiry approach 




A third of the science teachers feel they need assistance in one or more 
of the following areas (2: 101, 3:B-112) • 

1. s Teaching both fast and slow .learners ^ 

2. Using manipulative materials 

3. 'Working with small groups of students ' • 

4. .Maintaining equipment , 

5. Articulating instruction across grade levels 

6. Maintaining live plants and animals 

Forky^hree percent of the teachers desire assistance in one to four of 
these areas, and 37% in, five areas or more (3:145)/ Teachers in schools 
where there are science supervisors feel a need for assistance as n\pch 
, as teachers in schools where there are no science supervisors (3:146). 

Principals of grades 7 through 9 schools perceive the two mist 
serious .deterrents to effective science, teaching to be inadequate facil- 
ities (41%) an& the poor ^reading ability "of students (40%) (3:B-131). 
However, principals se£ these problems to be less significant than do 
teachers (?:B-128). Other deterrents to effective teaching stated by 
principals are (3:B-131) : \ » 

1. Insufficient funds, .32% • * ^ 

2. Lack of instructional materials adapted for individualizing 
instruction, 21% 

3* Low student interest in science, 19% 

4. Inadequate articulation of instruction across grade levels, 

^ is% . 1 

5. Class sizes too large, 12% 

In general, school principals do, not rate corresponding deterrents to 
effective^ teaching to be as serious as do teachers. 

Eight^seven percent of school curriculum respondents agree with 
classroom tfeachers that a sferious deterrent .to effective science teach- 
ing is the poor read£tfg ability of students • (3:B-133) . .The science 
reading problem in schools dppears to be a condition that is' not dealt 
with in the cause of ^hboling. Forty-seven percent, of the science 
teachers in grades Ky3 rate poor reading ability as a deterrent -to 
effective science teaching; in grades 4 through 6 tjiis increases to 71%, 
an<3/ to 87% in grades 7 through t 9 (3:B-128).» District curriculum 
respondents identified the following deterrents to effective spienqe 
teaching / (3,:B-r33) : . „ ' x * 

* • 

1. . Low student, interest, 65% > 

2. Lack of Materials for individual instruction, 59% 

3. Insufficient funds for purchasing equipment and supplies, '57% 

4. Inadequate facilities/ 47% 

5. Large classes, 38% . - 

6. Not enough teacher planning time, 36% * ' " * 

7. Out-of-dajte teaching materials, 32% v ^ 
8- Science not considered as important as other subjects, 32% 

0*9 z. 1 Student discipline *p r °bl ems, 29% * * 
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State supervisors of science typically do not view the deterrents 
to effective science teaching to be as serious as do teachers, princi- 
pals, and district supervisors. The major problems of science teaching 
as seen by state^supervisors are (3:B-136) : 

* 1. Low enrollments in science, 40% 

2. Inadequate diversity of electlves, 33% 

3. Lack of student interest in scig|fce^4% \ 
'4. Discipline problems, i§% ^^Sf£ 

5. Inadequate reading skills, 14%- . 

Surveys of science teacher needs have been 'done to formulate rele- 
vant brograms .of inservice education for junior high school science 
teachers.. . The results of these* studies reveal that teachers consider 
their most serious teaching problems to be (2:99-102): 

1. ■ Motivating students and building their self-esteem 

2. Using information processing strategies, such as problem 
solving, inquiring, and decision making 

3. Individualizing instruction) especially for slow and fast 
learners » - 

• 4. Maintaining discipline ' ^ 

Adequate teaching facilities .and appropriate^ curricula ' for these stu- 
dents are also considered serious needs by teachers. 

Teachers ( feel that problems of facilities and equipment could be 
solved if the federal government would provide schools with laboratory 
materials at low or no cost (lg:49). Teachers stated that they were not 
using the new federally supported science materials because of a lack of 
funds, and they think that the demand for innovativeness has ebbed 
(left 53). Teachers did not see that educational research and theory 
would be helpful with their problem because research arid' theory have • 
little practical valuing; 7i\ . 



Supnary 



t 



^The major obstacles to effective science teaching center on: 

• 1. > Student variables such as motivation, interest, and learning 
skills 

2. The teachers' inability to utilize, or inadequate knowledge 
of,* instructional strategies for processing information in the 
contexts of inquiry/discovery, decision making, arid problem 
solving 

3. science, curricula inappropriate for the early adolescent 
A. Inadequate teaching facilities, equipment, and supplies 
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.Controversial Issues and the teaching of Science 

; . *■ •* 

As science hae grown to be increasingly involved in social affairs, 
the problems and* issues it deals with have become nearly always contro-* 
versial. Should early adolescents study and analyze societal issues 
such as health care, abortion, and race? JMore than 50% of school pro- 
fessionals believe they should, but only a third -of the students and 
parents take this position (li:89) . The public does not put a high 
priority on attempts to teach thes^ topics, using a "scientific approach"' 
in social studies classes (li:97). * Th£ ivse of federal fOTids^or devel- 
oping' teaching materials on controversial topics is supported by .more 
students (£8%) than by their parents (41%) (li:79). Sixty percent bf 
school* superintendents ar# of the opinion' that federally funded curricu- 
lar programs should not include controversial topics (3:77). 

By the age oi: 13, students have formed rather definite and seem- 
ingly consistent opinions about many controversial topics. On the 
question of growing a baby organism from an ^egg in a test tube, $fo% of 
the students belief it -is all right for scientist* *bo try this with a 
frog, 20% with a dog, but only 10% would approve of such an experiment 
'for a human bering' 1 (C07A01) (Reference Npte) •VTftore than -half (53%) of 
the students would approve «he efforts of scientists to make* a robot 
that thinks and acts like a person, a larger percentage J63%) would 
encourage rese-arch to mark^ mechanical parts foj people, and they are 
divided {43% yes, no) on thje question of efforts to" create life 

(C07A01). Students would oppose efforts to clone a human being (71%) 
(C07A01), to control the way people act (77%) and to experiment' on 
people without their approval (86%) (C07A02)'. There A is extensive sup- 
port f86%) for seeking other forms of life in outer space (C07A01) . • 

Students at this age have reservations (63%) about scientists 
working on secret projecjts, 29% favor, and 8% would never approve 
(C07A02). ^Students are also hesitant ^bout allowing scientists to do 
any kind' of research they want to do (42%) , 30% would approve, and£2#t 
definitely would not approve (C07A01). There is strong opposition to 
efforts to create diseases' for germ warfare (82%) (C07A02) but less 
opposition for attempts to make bigger bombs' (63%) (C07A01^ . " While 
students recognife such issues as DNA research/ evolutiort, and control 
of atomic energy as scientific controversies, they are not a^.e to "see 
the "bit of pure knowledge^ as separate from .that same knowledge jfi-fc, 
s&cial context ^1g:27); students feend to associate science with gchauir-. 
ship, not with sbo^al, jfolitical, and economic is^fes (lc:22). 

^ The most commpnly used science textbooks do not emphasise 

controversial science/social issues in any substantive way nor do thg 
stated goals of "the texts- reflect these concferns as a focus of instruc- 
tion. Teachers on their" own may deal with certain controversial topics, 
but tend to do so only if they feel they have community .support (lc:28);* 
tjie result is that cohtroverisal Issues are largely- ignored in teaching 

(lc:29). However, teachers report there is no real problem in their 
community on teaching biological evolution^ or about **fruman sexuality 

(le*2(?), .but they are more hesitant on questions of eugenics and <*J$br- 
population (lc: 29) . Science teachers feel there mifst be community 
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• support for the teaching of controversial issues and that there is need 
for better instructional programs for dealing with such issues (ics29). 
There is also substantial community support for developing better pro- 
grams in controversial areas (lc:30); parents are no more conservative 
than teachers. 

Thirteen^year-old students feel they can-do something personally 
about resolving many science/society problems. Around 50% feel they 
could help solve problems'of pollution (6.7%), energy waste (60%), acci- 
dents. (58%), and -food shortages (47%). Only a comparatively few 
.students feel they could do something about such problems as overpopu- 
lation (23%) , disease (31%) , and the depletion of natural resources 
. (C03A01) . - . 

Early adolescents express a willingness to .work on societal issues, 
even if it is inconvenient, by using less electricity (87%'), walking or 
taking bikes.more often *(87%) ,. using returnable bottles (88%)-, riding in 
a small economy car (78%), spending a day helping to clean' up street 
litter (69%), separating trash for recycling (65%) , staying home from a 
party when they..have a bad cold (60%), and using less heat in the winter 
to save f ueO- (56%) (C03A02) . 

.When asked how frequently (always or often) they personally got 
involved m doing something . about societal problems and issues, their' 
positive responses tended to be lower than their willingness -to be 
involved. For example, around 40% or fewer of the "students regularly 
use seat belts (22%) , pick up litter (26%), reuse paper or plastic bags 
(34%),- separate trash for recycling (29%), or* become involved in a 
litter clean up project (42%) (C03A04). .More than 50% of the students 
feel they are involved in solving representative societal problems to 
«he extent of turning off unneedea lights . (58%) , making sure they turn 
off water, faucets (81% J} when through using the water, and obeying traf- 
fic laws (75%) (C03A03). Only 37% of the students feel they are not 
personally guilty of causing pollution more than they should (C03A04). 



An Interpretation 



V 



Over the past decade, there has, been a shift in the scientific 
enterprise toward an increasing emphasis on science applied to societal 
needs-. The professional literature on goals for the teaching of science 

5 fho cr»i anno Ae**s^-A J _ j i. * /. ~ _ - . _ _ _ * 
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'^"fleets the science/society interaction 42:164,168,183). Students, by 
• fc he age ^f 13, recognise the, importance of science/society issues in 
their lives and wish to be^involved in resolving J:hem. There is little 
©an ^e science ^curriculum- of middle and junior high schools that 
reflects the current status \jf fee scientific enterprise as it relates 

£? Tt? u 1S ? eS n * " Teachers claim ifc is the pressures emanating from a 
t back td basics" movement that limits their .^response to .personal and 
social needs <lb:12), but it must not be* overlooked that only 41% of all 
pare^t^ave^hearrd of ^the "basics" movement in education (li:51) and 
that teachers wer^ found |o be "the advocates" of "basics" more than 
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Furthermore, most teachers are wary of. linking science and Human 
values* (lg:19), an issue that is difficult to avoid in studying science/ 

„ society issues. It .is simpler to use a disciplinary approach and teach 
authoritatively (lg:6). Teachers respond to the social system in ways 
that relate to their teaching situation (lg:26.1) but do not respond 
easily to new teaching goals that arise from transitions in society" nor • 
in the discipline they teach. They tend to fear that' new goals aftd 

^curricular* topics will bring about 'a confrontation with the public' and 
therefore re^ct negatively toward them (lg:25,26), although they' have 
substantial t community support for developing better programs on cohtron 
^ersial topics (lc:30). 

The extent to which science/society topics are not in the textbooks 
being used is the extent to which the topics are not* taught* although 
teachers state they would consider teaching* the topics if they*, had 
appropriate nraterials # (lc:'29) • I£ ;seems evident that the various ^ 
efforts* as they are reflected -in scholarly wri-tings, to expand 1 the 
social and value dimensions of science teaching have not appreciably 
influenced school practices (lc:27). There ^is little information in 
middle and junior high school science courses that would help students 
develop an awareness Pof or comprehend connections between science and 
related social issues. The work of ' Roshal, Frieze, and Wood (18) 
reveals that sixths-grade students have a Somewhat (better* than neutral) 
favorable attitude toward technology , its values, and uses. Scientific/ 
technological enlightenment , as an aspect of effective citizenship in 
modern Araericfan does not exist in 5ny real sense as a goal of science 
teaching in the middle and junior high school grades.* 



Testing, Evaluation and Assessment 



/Throughout the past decade (1970-1950), -there has been much public 
concern about what students were or were not learning in schools. These, 
concerns have 1 stimulated a "back-to-basics" movement in schooling. 
Although the rhetoric on what should be basip is extensive and contro- 
versial, there has been little support for knowing science as one of the 
basics. There has been a wave of* public pressure to' hold schools 
"accountable" for what they claim to teach. By 1978, "33 states had J 
taken 'some kind of action $&o v mandate the setting of minimum competency 
standards for elementary and secoridary/schodl students" (19)/ To deter- 
mine the nation's progress in science achievement, the National Assess- 
ment of Educational Progress (NAEP) was initiated'in 1969 to gather 
relevant information. ' The first assessment of science took' place dulling 
1969 and 1970, the second during the 1972-73 schoolayear, and the most 
recent one during the 1976-^77 school- year. The. total impact of these 
various efforts to assess student achievement represents a questioning * 
of the purposes of schooling by the public and a general loss ofc credi-* ' 
bility in the education enterprise. % 

Testing students in science is a natural part bf teaching (If: 12) 
and is done to satisfy teacher concerns (If: 13). A third of the science • 
teachers give -a test at— least onee-a-week,-and~anothex-30% at le^st once ■ 
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a month (3:27). Most- teachers make up their own tests (lf:15). 
Students are expected to learn assignments and are tested accordingly 

(tt:14,lg:22). Records are kept -on hqw well students perform (lf:i6). 
Most tests do not tell teachers anything they don't already know 

m^;! 5 *' T * stlng essentially represents maintaining a proper classroom.' 

(If: 14). The results of tests are used to assign grades, and' students 
see the need for getting good grades (lf:19). A third of the students, 
as well as a third of» the teachers, believe it is more difficult to qet 
good grades in science than, in other subjects (lc:18). Measurement 
-specialists continue to talk about the technical inadequacy grades; 
teachers do not- (If: 19-). Testing is also used to help maintain control 
over students and to socialize them (lfslS). Most science teachers, 
school administrators, curriculum coordinators, and parents agree that 
•the present mode of testing is adequate (If: 21). There is essentially 
no reference in the case studies of schools about using tests to 
evaluate teachers or curricula (if:i 7 >. while there is evidence that 
schools are doing more testing' in science classes, there is little 
evidence the results are being used to improve the educational system 

. . Standardized^ tests are 'used' in 33% of science classes in grades 7 
' tnl° U t I (3:27) * However ' standardized tests are used by more than 
50% of urban schools and large districts.. By far, the greatest use of 
J eS t\Tu t0 f lnf ° ra teachers, followed by informing parens 
(3:29). About half o.f the schools use' test results to assign students 
to remedial programs and as diagnosis/prescription for individual stu- 

tTcllJ, f ] ' .. SCh °^ S "^^ USe t6St results to assignments to 
programs for the gifted, to determine topics for inservice education 
programs, or to revise curricula (3:29). Teachers see little jieed for a 
^ interpretation ^of test results in terms of distri%t or^lassroom 
use (lg:45). Supervisors see their job to be fitting curricula to the 
- testing (lg:45). Overall, evaluation is seen as a process "of reward inq - 
sincere efforts on- the part of a student and avoiding over reward ing * 
students for- modest accomplishments (lgrll). 

nn ™ T ^ 6 accountabili ty and competency movement's in educationdurinq the 
1970s have had some influence on science teaching in "middle and junior 
high schools, although there is little direct evidence of what these 
ESESm J? 6 "' « Nearly 311 SChD01 districts report some form of 
r I ^ f Wh ° Se fUnCti ° n is to ' moni t°r student achievement 

(lh.lO). When talking about science teaching, the topic , of account- ' 
ability rarely comes up in the conversation (lhsl2). A survey of 49 
states revealed that only 2% required specific competencies in science • 
for graduation in 1977 (3:32). Thirteen percent "plan to 'implement* a 
science competency. program in the future, "but 63% of the states have no 
such plans (3:32). The remaining stages either did not respond to the 
questionnaire or were unclear in their, plans (3:32). Nearly three times 
(35%) as many states £>lan to have competency measures in mathematics as 
ience (3:31). In response to a question as to whether schools 
should- require that all students attain some minimum competency level in 
science in order to -graduate from high school, parents are the group in, 
liXFt foment 'and school administrators the most opposed (li:91). 
About half >the students support the idea of a competency level in sci- 
ence for graduation as do two-thirds of the teachers (li:91). A major - 
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cci££cism of the tefcts used for accountability measures in schools is 
Jttikt they only indicate achievement an* have littlfc validity as an 
indicator of science competehcy (lh:ll). 

Public cdhcerft about student "achievement in the sciences came into 
prominence in -the early part of the 1970s, |>ress reports of declining 
scores on the College Board Examinations and the Scholastic Aptitude 
Test indicated that students were going, into colleges and universities 
'less Well prepared than in past decades,. (2: 114) . "Both these tests are 
used with college-bound students and are, 'therefore, limited in provide 
ing information on science achievement at various age levels. With the 
founding of the National Assessment of Educational Progess in 1969, 
measures" of school science achievement have been made at ages 9, 13,^17, 
and in some years, at adult levels. The major results of the 1976-7J 
science assessment of 13-year-old students, enrolled in either grade 7 
or 8, are reported here ,(16): 

There is a small but not 4 significant decline in achievement* from the 
1972-73 level Jto- 1976- 77. . . 

* " 9 m * ^ v 

Student achievement in biology has increased sinceV*1972-73. 
Students achievement in the physical sciences continues to lessen. 
13-year-old* students know more science than 9 , -year-ol£5^-and less 
than l7-year-ol<fs; 8th-graie * students know' more than 7th- 
"^graders. 

' # * ' x ' • > - 

Certain student groups at age 13 tend to perform above the ^national 
level in science achievement. These are: ^ 

Males, whites, and students . in ,the northeasterh United States 
Students who have at least \one parent with a post-high-school 

education ^score , significantly higher in every category of- 
♦ questions on the NAEP tests 
NS^tudents whQ live in advantaged* urbdn communities or in suburbs of 

large cities 

Certain 'groups of * students at' age 13 tend to- perform 'below the 
national level in science achievement. These are: 

* Females, blacks, and those students whose parents' did not -graduate 

from %iqh scht^ol . ' 

• 4 Students who live in vthe southeastern, region of the' United States 
* v and those who live in disadvantaged,, urban communities and in 



'.jj- big cities 



Some student ^groups show little deviation frbm the national level <>f 
* achievement. *j)Thepe are: , - 



Students the westerns-region of the United States and those who 
a ttepd School in medium-sized cities or in smaller places 

Students who . cqjne from hornet wh^re a newspaper and magazines are 
received regulferly $nd there are 25 or more books plus a set of encyclo- 
,pedias score higher on science achievement than students from homes 

111^ ' . 
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'lacking one or more of these characteristics, regardless of whether the 
;i student "is black or white. 

At age 13 1 boys have a significant achievement advantage over girls in 
biology, physical science, and earth science/ Bojjg have an* advantage 
*ver girls on integrated topics, process methods of\science, and science ? 
related to self. Boys are significantly better v in their understanding , 
of applied science and technology. Girls- show significantly -better * 
command of decision-making, skills than boys. 

At age 13, boys have a relevant and. significant advantage over girls at 
each taxonomic leve^, of science: * knowledge, comprehension, application, 
and analyses/synthesis. * , 

% m The results of the NAEP tests for 13-year-old students indicate 
that by this age the - social, economic, and cultural environments of 
students* have created differences in science achievement beyond those 
that can be attributed to schooling-. These ^ultural factors also, ' 
account^ for differences in science achievement by sexes and by. racial/ 
background. * - , • 

The *NAEP tests indicate that, in 197§-77, the test scores of 13- 
year-old students were lower than those for 1972-73, and were much lower 
than in 1969-70 when the first test was given/ " There is a smaller drop 
4n average achievement between the last two test periods because of a 
large rise in biological knowledge, stimulated perhaps by the populari- . 
rzation of, the environmental movement at this time (1970-75). There is 
speculation that the student achievement scored fqr the 1969-70 period 
may be abnormally high as a re'sult of the attention given science 
instruction during the 1960s and the many efforts made^to stimulate 
teachers and students to "do .better . n But the fact^remains that science 
achievement for 13-year-old "students has declined throughout the period 
from 1969 to 1978. .* 



Facilities and Equipment 



About 20% of the science teachers feel they have very good science 
facilities (3:B-99), but % 25% have" no 'laboratory facilities (2:39). 
Seven out of ten schools have a combination laboratory-classroom; one 
school in ten has. a separate laboratory and classroom arrangement 
(2: 39) . Nationwide, 5X% of grade 7 through 9 schools have resource 
centers for individualized ' instruction (3:B-92)^. In addition, small/ 
group^meeting rooms are available in 56% of the schools (3:127). Forty- 
four percent of the teachers are or the opinion that the scie&ice facili- 
ties need improvement (3:135)*. 

The following science equipment is used at least ten days in a 
school Vear (3:Br66) : (1) meter sticfcs and rulers, 61% of the teachers; * 
(2) balances and scales,/ 49%; (3) models, 45%; (4) microscopes, magnify- 
ing glasses, batteries, and bulbs, rocks, and living plants by about, 
v 35%. * hhe teachers * feel the following equipment is not needed; hand* 
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calculators, 69%; cameras, 62*;. living animals, 49%; living plants, 39%; 
, rocks, 38%; and magnets, ^31% (3.:B-86). There is not much agreement 
about what equipment shoylk be "standard" in science rooms. While 95% 
( of the teachers have, microscopes', 74% have models, and 51% haVe cameras 

(3:J.27), some (Jo not feel a need for toicro£cc£>es (30%), cameras (62%), 
4 or models (17%) *-(3:131). .Fifteen . percent of the schools have green- 
houses; 40% of the science teacher^ wouic3 like to have one, but 50% see 
no need, and only 8% state* they ever^made use of one (3:127/131)1 The 
situation, is about the same for the existence and use of weather sta- 
tions, telescopes, and darkrooms (3:131). "Between 50% and 60% of the 
teachers feel they have adequate facilities, equipment, supplies, and 
^storage "and preparation space ' (3:B-99) * What the teachers would most 
like to have are laboratory assistants (72%) T money for incidental 
.supplies (52%), and space to accommodate small student groups (56%). 
k(3:13S^B-99; 2:'95) . Overall,, facilities and equipment are' deemed " 
* teachers to be somewhat less than satisfactory. Teachers also are more' 
concerned by the lack of physical materials than with the organizational 
^ , problems of sciencfe teaching (lg:46).. 



Only a few programs (21%), have a budget for science equipment. In 
1977, the amount set* aside per year for equipment averaged about $5 per 
pupil* 4 plus $3.75 per pupil £or supplies (3:126,200). The total expen- 
diture for the education of a middle or junior high school student was 
$9.36 (weighted average) for the 1976-77 school year, an amount about -9% 
less than for ' pupils in either, grades K-6 or 10-12 lP*: 19) . More than 
half. (55%) of pupils believe the reason more instJJuinent technology is 
> not used in middle and junior high Schools is cost cather t^han opposi- 
tion by teachers (li:69). ' The funding for schooling and science 
teaching is being seriously reduced (2:168,169). Approximately 55% of 
school 01 administrators, supervisors, teachers, and parents believe that 
budget cuts are lowering the quality of instruction (li:97)* The extent 
to which cost is a factor in reducing the availability of instructional 
materials is questionable, because less than 2% of the average school 
district's budget "is so spent (Id: 66). A solution to the problem may. 
not depend on increasing monies for total school programs, but rather on 
categorically funding in terms, of instructional objectives and 
priorities (2:170) . - 

The ^xfcent to which information technology and related equipment 
are used in . science teaching has not been fully explored, and only 
limited information is available- Nationwide, 16% of the grades 1 
through 9 schools- have access to computers or computer terminals 
(3:127)* Large districts and suburban schools have somewhat more access 
to computers (20%) than do smaller units (3:B-92) . Hand-held calcula- 
tor6 are found in 49% of the schools (3:117). A majority of teachers 
(69%) i;eel that hand-held calculators % are not needed for instruction, 
and only 10% ever -make any use of them (3:B-86). There are no signiff- 
pant differences throughout the United States in terms of school size, 
location, - pupil expenditures,' or type of community in the availability 
of computers and hand-held -calculators in schools (3:B-92). 
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Reference Note 



Numbers such as C07A01 refer to- NAEP science items, released 'and 
unreleased. Released items are from". The Third Assessment of Science , 
. 1976- 77, Released Exercise Set. Report No. 08-S-^00> Majr 1978 : NAEP, ' 
Education Commission of the States , 1860 Lincoln Street , Denver, 
Colorado' 80295. " ' 
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CHAPTER 5 

MIDDLE AND JUNIOR HIGH SCHOOLS, 1965-1970 



A comprehensive survey of the status of organizational patterns of 
science teaching in middle and junior high schools does not exist for 
the period 1965-1970. The United States Office of Education (20) sur- 
veyed the teaching of science only in schools that had grades 7, 8, and 
9 during the period 1963-1965. Kealy (21) has summarized the results of 
surveys carried out between 1960 and 1970 as part of. studies made to 
determine the extent of reorganizational patterns in "the middle portion 
of the educational ladder" .that differed from the typical grades 7, 8, 
and 9, or junior high school, organization* The majority of survgys, 
including those done by k the federal government, lump informamation aiBkit 
grades 7, 8, and 9 under secondary school programs (grades 7 through^R) 
or, in some .instances, with data on v elementary schools (grades K through 
8). In this section, our purpose^ is to* identify changes in school 
organizational patterns that emerged during the 1960s for the education 
of the early adolescent. "* 

4 The extent to which school districts have modified traditional 
organizational arrangements (8 and 4 grades, 6, 3, and 3 grades, and 6 
and 6 grades) into grade , combinations considered more educationally 
suitable for the early adolescent has Been documented by Kealy (21) . A 
USOE report on junior hi§h schools by Wright and Greer (22) revealed 
that 12% of the principals of these schools were considering a reorgani- 
zation of grade combinations, A survey by Cuff (23), with, replies from 
44 state representatives or state publications, revealed that 29 states 
had a total of 499. middle schools. These schools included grades 6 and 
7 and did not extend below grade 4 or above grade '8. The most common 
organization (55%) consisted of grades 6, 7, and 8; # 30% of the schools 
included grades 5, 6> 7, and 8; and in 9% of the schools, grades 4, 5, 
6, 7, and 8 formed the middle • school unit. .Cuff's criterion • fof^ a 
middle school excluded a seventh and eighth grade organization sometimes 
referred to as an "intermediate school." • 

Alexander (24) , using the criterion of a middle school as * one 
"having not lessithan three or mpre than five grades including grades 6 
and 7," identified 1,101, middle schools - in*jbhe United States. A 10% 
random sample of these schools, stratified by USOE geographical regions, 
showed that 60%. were organize^ on a grades 6 through, 8 basis? 27% 
included grades 5 though 8; and 7%, grades 4 through 8. Among other 
combinations of grades for middle, schools, only 1.8% of the total sample 
included a grade 9. Alexander's definition 'of a middlp school, like 
Cuff*s, excluded the combination of grades 7 and 8 as an* emerging school 
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organization replacing the junior high 'school plan.- The ERIC (25:10) 
survey showed that 3% of the school districts of the United states had a 
of * J 8 1 organization - Alexander (24) interprets "the expansion 

°i967-68) organizations" as "a phenomenon of the current period" 

A |S0E survey (20) of public junior" high schools organized exclu- 
•s c h^° n a 3 ! 9rad / S 7 ;1i ^ 9 basis . 'identified a total of 3,133 such 

Z^tV J eXa ?l er " ° Uff " and R ° gerS did not gather information on the 
seventh and eighth grade, two-year intermediate school. 

Kealy (21) , surveyed the number of middle schools in' the United 
^! eS /.° r , the V sch001 y ear 1969-1970.. Using data in reports obtained 
fc.om state departments of education, he identified 2,298 middle schools., 

SSI^iJS - ^l* ^° Und in the 1967-68 survey, which listed 1,101 
middle schools. Schools. with grades 6 through" 8 represented 58.2% of 
those surveyed; 25.4% of the 'schools used a grades 5 through" 8 organiza* 

Sa Vlt of \* 9r, ? e8 i 4 t i r ° U * h 8 grQuping - 0ther groupings; compris- 
throtioh q I il 6 SCh ,°° "W^" 3 in such grade combinations as 6 

h . 9 ' 4 thr ° ugh - 7 ' 5 through 7, 5 through 9, or 3 through 7. A 
national survey by ERIC (25:10) indicated that the "middle school" • 
concept was not widespread. 

The movement away from more traditional school organi ? ational 
patterns (6, 3, and 3; 8 and 4;. or 6 and 6) was based on ^assumption 
£ » -2Z u ° f education c ™ ld be provided to early adolescents 

l B i fram e«ork. .In Alexander's (24) detailed study of no- 

middle schools, he asked school personnel to identify reasons for chang- 
nJ^i u ^ organizations, from a traditional pattern to one of a 
middle school. Multiple reasons were given by the ^respondents: * 

1. 58% sought to eliminate crowded conditions' ,in other schodls. 

2. 45% wanted to provide a ^program specifically designed for 
early adolescents. 

3. 40% thought the new organization* was a'better bridge between 
i elementary 4 and high schools. • 

4. '30% wanted to provide fori more specialization . in grades 5 

and/or 6*, ' S ' 

5. 25% wanted, to move grade 9 into high Schools. 

6. 25% considered the move a way to remedy the weaknesses of the 
Dunior high school^ - . . 

7. 24% wanted to try out various innovations. 

8. 21% thought it was a way fo utilize a new school -building. *> 

9. 13% chose the option because it had been Successful- in other 
school systems. V » Vn 

, 10. 6% felt it was an aid to desegregation. - * 

11., 12% had other v reasons. * *t 



The inanity of reasons given" for establishing a mi'ddle school pattern 
oM^nTY 6 l6Ct adn,inistratl ve expediencies rather than an inherent 
fj f 031 ; of education perceived to improve learning' oppor- 

tunities for early adolescents. . ^ 
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The school day (20:4) in 92.5% <of junior high schools in the United.- 
States jwas organized into separate classt-periods with a six-? or seven-* 
period day. The ERIC (25:15)* survey showed that 41% ^of the* schools .had 
a six-period day, 35% had seven periods , and 14% had eight .periods per 
day. Alexander (24:116) fountf that middle schools were departmentalized 
to the same extent as juoior high schools. He noted, however, that 30% 
of them were using variable and modular schedules differing from the, 
conventional f uniform, daily schedule of equal periods. < ^ 

For about 98% of the schools, the schpol year was between 165 and 
195 days (20:5); for 75%«~of the schools, ttfe range was between 176 and 
185 days. -The ERIC -(25:16) survey, found^the length of the school year 
to k be 180 to 184 days for 69% Of the schools .and 175 to 179 days in 21% 
of the schools. 

V ' * ' r y 

The length of science class periods was found to range from 38^to 

62 minutes (2|^5) with 53 to 57 minutes most common. These figures are 
similar "to secondary schools in general, where the range_J.s from 40 to 
-70 minutes (25:15) with 40% of ,the schools using a 50- to 59-minute 
period, and 25% a 50- to 54-minute class perfod. The Committee on 
Junior High School Education of the National Association of Secondary 
School ^Principals (26:5) recommended^fchat* a block-time -or cote program 
"may be an effective means of bridgingV the "gap between the elementary, 
and junior high schools." Thi's could mean teaching science and social 
studies", or science and -another subject, as a core program extending 
over several cla^ periods. A Cornell University Project on the Junior 
High School (27:9), supported by the Ford Foundation, ^carried 'the recom- 
mendation that one-sixth of the^instructiortai time in grades\7,8, an 9 
be devoted to studying science. ^ " ' / ' 

The decade from I960 to 1970 was a period in,wfrich 'there was much 
<concern^ about appropriate education for the early adolescent. Questions 
were raised abput the junior high school (gfades 7, 8,' and ^9) as to 
whether it was the best school organizational pattern- for students in 
the age range of ll to 15 years. A* variety of new organizational .pat- 
terns were developed and rationalized in terms of student maturity, 
interests , needs , * developmental and learning character istdcs , . curr icular 
gbals, and in terms of effective use of school facilities, size of, 
School, enrollment, and school management. With few exceptions, the new 
Organizational patterns did not include the ninth % grade as a part. o£ the* 
new "tniddl-e school" or "intermediate school" framework. 



Course Offerings and Enrollments 



In the . 1960s, a number of federally supported science curricula 
were developed for elementary and secondary schools, in the United 
States. Innovative courses specifically designed for use in middle or 
junior high schools did not appear until late in the I960 s~ and were not 
reflected in the school science surveys done between 1965 and 1970. 
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1965-X™ oeriL ™ . ™° St coiranon ^^ a ^t science subject in the 
iith SI t? (2 °J 6 l l ? 311 section s of the United States (25:29,30), 
Wolferod in 'i } S SCheduling the ~ urSe ' ^ f e science courses 
«5-32) ' 5Sp « ataOSt ° ne - f ° urfeh of the SC **>1* (20:6). The sbrvey 
(25.32), done five years -after that of the USOE, showed 47* of III 
Dunxor high schools 6ff ering a life science course. Of the^^l tnior 
and senior high school enrollment *n biology courses in 1970^ traded 
through 12 18% of the enrollment was found to be in the Junior hS 
Schools, usually at the ninth grade level (25-30) LXh I ^ 

earth science. (25,42>. There was a S^f^SLl^ S c " 
' a 2?.37 a ) of S ?n 6nCe t0 be K °^ fered at fc he ninth gradVlevel. kSe peJceni 

usuanl at ^ SCh<3plS °? fered " a course in health science! 

usually at the eighth . gfcade level (20:6) \n -1965, wish- fckfi n um D * r 
increasing to 26%. by 1970 (25:38). <£& 

* . ^ . < i 

^ *" V 6 - ~ 

nffprJn ¥ 65 '-* ^ nvironmenta l scienee was not identified as a course^ 

junior high St "t^oTt ' ^ " °' ^ 

environmental science top!" ^"L^JS^ ^I^^S 

grade, 27% (25:79). Environmental science topics were also ; fo„na ?" 

• Space science, health science, and environmental" science o'fferinas 

STM J"^^^^^ in TOSS'S 
.the Great Lakes areas (20:8) and in the plains states (25-37) Wr 
mental science courses were offered more frequently in the New fZllZ' 
far western, and Rocky Mountain areas f25-78) SLa- a f , Ehgland ' 
Cthose on lite and physical science :^er£,s ' inalcfteal at STLSl* 

in cn^n 1965 ; ?7% ° f the students in junior high schools were enrolled 

of Z if* aSS6& (2 ° :6) - In Sm3ller Sch001 ^ under SOo'stuaen^ 90% 

(67%f uT/Tt S W6re t3king 3 I" 6 " 06 COurSe '' The ma 3orlty of student! 

m™ in ? nfe n scLn g r eral S ° ienGe C ° UrSe at SOme ^ ade ^Sj! 
an* « !U C ° UrSe " aS ' 4%; and enrollment in both- physical < 

and earth sciences was less. than 4% (20:6-8). ' ' pnysical 

At the close' of the 1960s and' beginning of the 1970s a nnmhir „f 
innovative science curriculum programs , were in eithe a' iiS 
developmental- phase. Some of these new^rams we e generated tC 
state or local leVel, and others were federally supported witn the idea ' 
•It fc i 9 °° d SCie " Ce; ' C ° urSe was a PP- P tiate natior^de! T^cal of the ' 
th: ^1^2^ Pr ° jeCtS initiated - ^ ^e 1965-197^^^ 
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A Human* Sciences Curriculum Project (BSCS) . . 

■Life Science (Educational Research Council ,of .America ),. 

Quantitative Physical Science (Duke University)/* 

Introductory Physical Science fEducationaf^Servipes Incorporated) 

Time, Space,' and Matter (Princeton University) 
• Earth Sciences Curriculum' Project (American Gec>logical Society) 

University «of Illinois Astronomy Project J 

Stanford University 4 Junior High School Science ptoject 
K w In^jGUy Development Program (University of Illinois) 

Michigan States Curriculum Committee Junior HiglT- School Science 

. >r<j>je'ck . * 9 

Mathematics Through Science (SfiSG) 

>Seience Teachers Adaptable Curriculum (Portland Public Schools) 
Pennsylvania Curriculum Development Project (Harrisburg) 
•New York City ^Science Grades 7-8-9 Project 
Project Plan (American Institutes for Research) 
x Nova School Science Plan (Florida) 

Intermediate Science Curriculum Study (Florida State University) 
Foundatiqnal Approaches in Science Teaching Project (Hawaii Curric- 
ulum Center) 

American Association for the Advancement of Science, Junior High 
Science Proposal , ' % 

one way or ^another, alg. of these progtams sought to provide a 
more* suitable curriculum for 'the education of the early adolescent. The 
extent to* which these -programs become operational 'within schools can 
^only be assessed at a period of time later than 1970.* 



Science Tether Characteristics 

. 1 \ * 

v i 

All the information on the characteristics of science teachers in 
junior high schools during ; the period 1965-1970 is . from a National 
Science Foundation survey conducted in 1969 (25). The survey included a 
total of 5/505 secondary school science teachers, o£ whom approximately 
25% were teaching in grades 7/ 8/ or 9^. The information reported here 
is only that which can be distinguished as pertaining to the sub-set of, 
junior high school science teachers. 

^In addition to teaching Science, 98% of the teachers had other 
duties, related to science teaching, and 86% "other school activities" 
(29:107). Eleven percent of thfe teachers were also engaged in some type 
of teaching outside the junior high school, such as in a community 
college or a four-year college or university. Another 22% of the sci- 
ence teachers were employed in nonteaching 'positions. / ^ i 

A third of the teachers were carrying academic or prof essiohal work 
leading to an academic or professional degree, while an additional 19% 
were taking course work not leading to a degree.. Two-thirds of these 
teachers were engaged in a t variety of other professional activities 
(29:107). • 4 



Many teachers whose major assignments were in general science had 
. serious inadequacies in their training. The- percentages of these teach- 
ers wifh no course credits in various science fields were: biology, 
17%; chemistry, 34%; earth sciences, 38%^physips, 46%; and mathematics, 
^7%. The percentages of teachers who had between 1 and 17 semester" 
hours in the various sciences were: biology, 37%; chemistry, 42%; earth 
sciences, 38%; physics, 42%; and mathematics, 50% (29:131). The data 
base does not reveal the balance of, science preparation for teachers of 
general science * ■ . 

The teachers were asked to indicate the types of experience they 
felt -contributed significantly to successful teaching. . The experiences 
^^? d t0 ° f ' si W iticatn ? value b y the 1, 352. respondents were 

S 

1. Courses in subject area, 77% 

2. Courses in teaching methods, 47% f 

3. Student teaching# > 47% . « % 

4. . Inservice teaching experience, 46.% 

\ 5. Cbifrses in student behavioral problems, 38% N ? 

6. Related work experience, 34% <v 

7. Courses in laboratory methodology, 27% 

8. Other preparation, 11% * - ^ 

/ f 

Junior high schoolteachers were inclined to designate courses in stu-' 
denb Ipehavioral problems .as valuable, while senior high school teachers 
thought subject-area coursed had greater value (29:50). Teachers who* 
had student teaching experience, courses in professional education, and 
30. or more semester hours of science in their teaching field rated the 
quality of their education for teaming science, higher than did teachers 
•with limited or no background in these areas (25:53). . ' 

More than half (57%)-pf. the junior high" school teachers had partic- 
ipated in an NSF or an industry-sponsored training program by 1969. The 
• types of NSF inservice programs attended and the percentages of teachers- 
attending were: * ■ - , 



, 1. Summer institutes, 21% 

2. Inservice institutes, 15%'' * 

3. Academic-year institutes, .4% 

4. Any other type of NjSF program, 5% 



4_ 



An additional 8% of the teachers attended a federally supported program 
.other than one* supported by NSF* state and locaKinservice programs 
V ll e J*? 61 ! 6 * b H 4% * Industrial or Prjvately supported programs .were 
attended by 7% of these teachers (29:171). More" senior high" school 
teachers reported',participation in NSF programs than- junior high school 
teachers (29*58),. Of the junior high school teachers who did particf- 
K 6) (29 a "l73 S ) F Pr09ram ' the ma 3° r it^/attended more than one program (1 

The science teachers, of 1968-69 were comparatively young, with a 
median, age of 32 years (29:10',11). This is seven years below the" median 
age of the total labor force^and fiVe years below the median age of 
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those in the labor force with a bachelor*' s degree. Sixty ^erdfent were 
below the- age of 35 years and 18% were older t'han r 45 year?. 

Sijcty-seven percent of the science teachers were men, about the , 
same ratio as a c decade earlier. Sixty-three percent Qf the teachers* 
between the ages of 25 'and 44 were men; 45% were women- In younger 
(under 25) and older (45 or more) age groups the percentages of womerk 
were higher than those of men (29:13). In the southern states, there 
was a higher proportion of women than men, and the reverse was -true in 
the north central and Pacific sections of the United States. 

> • fi 

Junior high school science treachers were queried concerning their 
short-term (five years) aspirations and goals in several" dimensions: 
level of employment J field, type of occupation, and type of employment 
(29:178). t Seventy£eight percent expected to be teaching* and^ 13% 
planned to become full-*time or part-time housewives. Eighty-one percent 
of the general science teachers expected to be teaching general science 
five years later. About half of the teache>§ (49%) ^stated their futurre 
goal to be* that of a classroom teacher; 31^ wanted to be in some other 
form of educational work, such 3s curriculum specialist, school adminis*- 
trator, or supervisor; 9% hoped to find employment in sqme field other 
than education. Relatively more participants * in NSF programs than 
nonpar ticipants^ expected to: _ become departmental, supervisors, 14% 
participants versus 7% nonpar ticipants;, stay in a science occupation, 
80% versus 65%; and remain in junior hgh. school education, 71% versus 
66% (29:63). J Two-thirds of the science teachers wanted to continue at 
the grade levels they were teichincf, 12% wanted to move to a Higher 
grade level, and 2% waited to teach at the elementary school level. The 
majority of teachers (70%) aspired to a master's degree and IS* to a 
specialist in educations 'a doctorate degree (29:64). 

The survey informati6n indicates that at least two-thirds of the 
science teabhers in junior high schools were youpg (under 35 years)** 
liked what they # were doing, expected to stay in education, and sought to 
improve' their professional ^backgrounds - to the level of a master's* 
degree . s~ 

Early Adolescents' Understanding of^Science 

, Of 
* 

The first National Assessment of Science was carried out during the 
1969-70 school year. The assessment included exercises- appropriate for 
four age grbups^-9, 13, 17, and young adults from 26 to 35. Our exami- 
nation of 'the results of the assessment is confined to the age 13 group; 
or the early adolescent* * 

* ' 'The first assessment of science was designed to provide a "bench- 
mark" study of "Science achievement for different age groupB throughout 
;the United Spates. A broad purpose of the program was to begin to 
provide responsible information on how well teaching was working in the 
United States or, in other terms, to find out what pupils were learning 
in science classes. This position was in contest to testing programs 

S - - _ .m ' 



llZr \ , PU ^I e WaS t0 3 * arn Where P U P ils stood in comparison with 
L SP ? „ Ch i dren * The design of the assessment package. was to 
provide .a bank of censuslike data for* a given 'population of students'. , 

The central question of what students should know about science" was 
determined by more than 3,000 scholars, teachers subject, matter 
• fj^Perts, curriculum* specialists, laymen, including members of school 
boards, and test specialists" (30:28). F*pm the deliberations of- these 
\ l° Ur J ?rimary ob ^ectives Of science education were evolved. 
. Thfese statements ^encompassed the objectives o* science education both 

?»! !! 3 „ ° UtSlde ° f the scho ° ls ' The. four primary objectives were 
interdependent and should be regarded as- different facets of the same 
entity— an integrated pattern. 



I. 



II. 



The assumption-' was that these objectives, were- common for each age 
group-,, and that educational progress was cumulative from one age' group 
^ ?A*T\*/'* hn ?' " WaS ex Pected that 13-Year-old students would 
understand mdte science than 9-year-olds and less than 17-year-olds. 
»IJ i 1 i° n v are ' , ln " ^neral, written ".in terms of what approxi-^ 

fA , at a 9iVfen 396 l6Vel might be ex Pected 11 know 

2L be _ abie 'to do" ( 30:9). The primary objectives for science educa- 
tion, as they were identified in, L969 were (30:a-25*) : ' # / v 

Know fundamental facts and ^principles' of science . 

jxampies f- Characteristics of 'electricity, and magnetism", heat and 
•kinetic theory,' chemical behavior, minerals and rqcks/ diversity of 
living things, organization of living matter, ecology, evolution, 
solar system, stars, and galaxies, health and nutrition, etc. 

possess "the abilities and skills needed to engage in the processes 
or science 9 . 

Examples: Ability to identify and define a scientific prtblem;' 
' TlZtT 3 „ hyP< ? tbes i S; P ro P°^ or select' validating procedures 
. ■ .(Jpgical .and empirical); obtain requisite data; interpret 'data and 
check for logical consistency; reason qualitatively and symboli- 
, cally; read scientific -materials critically; apply scientific laws 
' * nd Principles; distinguish among fact, hypothesis, and opinion; 
distinguish the relevant from the irrelevant; and distinguish the 
model from^the observations' the model was. derived to describe. 

III. Understand the investigative nature of science 

Ejcamples: Scientific knowledge develops from observations* and 
experiments; observations are generalized in class; laws are gener- 

lltltiell ° f th . eorieS; n°t all questions are amenable to 

scientific inquiry; science is not, and probably never will be, a 



IV. 



finished enterprise. 

Have' attitudes about and appreciations of scientists, science, and 
the consequences of science tHat stem from adequate understandings 



Examples : Recognize the distinction between science and its 
applications; 'have accurate attitudes about scientists; understand 
the' relationship between science and misconceptions or supersti^ 
tions; be ready and Villing knowingly to apply and utilize basic 
scientific principles agd approaches, where appropriate, in every- 
day living; be independently curious about and participate in 

scientific activities; 

. . f . ^ ; 

The results of the NAEP tests in termg of the four primary science 
objectives for lV-year^olds for the school year 1969-70 were as follows 
. (31a*: 73-93). m 

OBJECTIVE I. KNOW THE FUNDAMENTAL FACTS AND PRINCIPLES OF SCIENCE 
General Summary 1 

All of the exercises for* this objective were multiple-choice. 
Difficulty is influenced not only by the concept being assessed, but 
also 'by the difficulty and the potential for confusion induced by the 
alternatives offered. 'Most 13-year-olds answered correctly when asked 
about simple scientific facts, many of which are close to everyday 
experience ibabv comes from its mother, brushing teeth prevents tooth 
decay, dar<k crouds bring rain, fanning a fire makes it burn faster, 
etc.). 

Exercises answered correctly by a good many 13-year-olds tended to 
be farther removed from everyday experience. Some required knowledge of 
prehistoric humans, the formation of fossils, or the movement of air 
masses — ail ' actions or things inaccessible to direct observation. 
Others required awareness of scientific principles of molecular move- 
ment, pasteurization, and^the like. Other exercises- of this difficulty, 
while drawing on observation, $lso called for application of theoretical 
ideas Je.g., refraqtion of light by water). 

* * a 

The most difficult exercises did not deal with any single type of 
content. Often the chosen single alternative required a precise dis- 
crimination. E!or^ exam^e, one exercise asked the students tcr choose 
Hhich of fiv£ parts of £he central nervous system is the. center of . 
memory and intelligence. ^ Exercises on molecular theory and chemical 
. . reactions were generally difficult. 

Moqt 13-yeai;-olds responded correctly that: 

/ ' \ 

The human baby comes from its mother's body (98%) f 

You 'brush your teeth^to keep them from decaying (98%). 

Thick, dark-gray clouds are more likely than others to bring rain 

< on a summer^ day (93%). , * 

The best balanced meal (fjom jhamong .£ive alternative^ given) 

includes' steak, bread, carrots, and milk (89%). / 
The comfortable temperature for a schoolroom is 70°F (86%). 
Fanning -a fire makes it burn better^ because fanning increases the 

supply of oxygen to the fire . 
Cancer is a disease that cannot/* 7&t present, be controlled by a 
♦ vaccine (78%) . ~ >d ' * 

*• ' . . .123 
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Even without atmosphere the launching of a rocket from the moon is 
possible (74%) . (This result was obtained in the 'fall of 
1969, after the lunar landing). 

A good many 13-year-olds responded correctly that: 

Sedimentary rock usually forms in layers (65%) . 

The earliest men on earth were probably small, hairy, and' stooped 
(63%) . . 

In hot water, the molecules are moving faster than .in cold water 
• (61%^. 

Predicting the movement of air masses is an important factor in 

. predicting weather (59%). 
A human action such as draining a swamp can upset the ecology of a 

. small area (57%).' ., 
A second 'weight can be hung at an appropriate "position to balance 
„ another weight (55%) . < 

Flower seeds develop from' the ovules rather^ than leaves, petals/ 

roots, or stems (54%). ■ 
The apparent bending of a spoon .in a glass of- water is explained by 

, refraction of light (51%). * 
Most of the chemical energy expended in^he automobile engine is 

not used to move the car but is changed into heat (48%). • 
Mercury can be used in a glass thermometer because when heated it 

expands more than the glass (45%) . « 
Pasteurization of milk kills bacteria harmful to humans' (40%) ' 
A block of wood is more "buoyant in salt water than in fresh water 
(39%). f " . 

Most caves are formed by the action of underground water on - 
limestone (38%) . 

Natural selection offers an explanation for why giraffes have lonq 
necks (38%) . 

A body covering of feathers is what distinguishes birds from all 

other animals (36%) . 
Our knowledge of atoms is based on .observations of how matter 

behaves (34%) . • ' , ' • • » 4 

... • ,% 

Rather few children of this age level correctly responded tof exercises 
on the following: Y 

% ; "■' '. ''»'"'* 

A good thing to do when someone faints is to. lay the- person : down 

and. keep him or-her warm (32%). " ' • . ' 

As a candle burns, molecules of a different kind are formed (27%). 
' The cerebrum is th% brain's center for memory and intelligence 
(26%) • 

The presence of an ocean fish fossil on a mountain outcrop is best 
explained by> the hypothesis that the mountain was raised up 
after the fish had died (26%). About half (53%) thought the 
best explanation was that the fossil fish was carried to the 
'mountain by a great flood. 
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OBJECTIVE II. 



POSSESS. THE. ABILITY AND > SKILLS NEEDED^ TO ENGAGE IN THE 
PROCESSES OF SCIENCE 



General Summary .© 

' ' * . . 

Exercises causing students least diffy5ulty were those requiring 
them * to form a simple* hypothesis employing elementary scientific 
knowledge (e.g., to suggest why paint on one side of a house had deteri- 
orated more than- paii\t on the remaining sides) • Interpretation of 
tabular data" was more complex. Most children. of this age level were 
able to: .* * 

Select, from a chart listing weights of various common elements 
found in the human body,, the element that is most abundant 
* (oxygen) (92%) . 

Choose* froji* among several possibilities the best hypothesis for why 
paint on one side of a house doesn't last as well. as the paint 
on the remaining sides (83%). 
• Select, from a chart listing weights of various common "elements 

found in the human body, the scarcest element (sodium) (81%) . 
„ From pictures showing how high three ?olids of the same size float, 
determine which is heaviest (7J>%) . 
Interpret a gr.aph showing the effects, of different diets on tl\e 
r weight of guinea pigs (71%) . 

Given the following exercises, <a good many 13-year-olds could: 

Balance a beam balance with a weight (64%)* 

Interpret tabular c|ata to correctly determine which series of four 
^weights, best * establishes that - one object is heavier than 
another (62%). 

Correctly use a graph and tabular data to determine" the foocj needs 
of a dog* (61%) . 

Perform a simple experiment by measuring the time- 1 it takes * a 
pendulum to swing' back and forth ten times (38%). 

Select from a variety of * laboratory, apparatus the equipment 
necessary to determine the boiling point of yater (36%) . 

Rather few 13-year-olds: „ 

Chose from a* variety of line graphs the one best showing average, 
normal "height increases in- children as a function, of their 
ages {27^) . 

Found out^the density of .a Vood block using the 'beam balance and a 
weight of a known mass (4%) .* * 4 
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• OBJECTIVE III. UNDERSTAND THE INVESTIGATIVE NATURE OP SCIENCE 
General Summary v r , 

Most 13-year-olds were able correctly to: f 

. Select from a variety of skills {music, magic, marketing, 
mathematics, and manufacturing) the one (mathematics) that is 
most u^ful to scientific research (79%) . 

Recognize that the statement, "My dog is better than your dog," is 
not a question amenable to scientific inquiry (73%) . 

Recognize that repeated measures • of the same thing will' usually 
yield successive results that are close" to each other but not 
air exactly the same (69%) . * * 

^ ' > » 

A good many 13-year-olds correctly responded on the following: 

The basic purpose pf a scientific theory is to explain why things 
act as fchey do ,(56%) • 

OBJECTIVE IV. ^ HAVE ATTITUDES ABOUT AND APPRECIATION OF SCIENTISTS, ' 
SCIENCE, AND THE CONSEQUENCES OF SCIENCE THAT STEM FROM 
ADEQUATE UNDERSTANDINGS 

General Su mmary 

■ ' o .* 

The following exercises deal with having accurate attitudes, about 
scientists and having scientific curiosity about things in everyday 
life. Most 13-year-olds expressed attitudes consistent with the 
ob}ective. - ' 

4 

s >. They indicated they believed that, women can be successful 

scientists (94%) . \ * 

Most indicated they did not believe that scientist^ always work in 

laboratories (91%). . - 

Only a few indicated great curiosity about why things in nature are S 

the way they are (8% said they had such curiosity "often " 

another 64% "sometimes"). " 



Summary 



In general, 13-year-olds answered correctly: those items closely 
related to everyday experiences and personal observations. "Most of 
this age are able to make simple judgments based upon elementary scien- V 
tific facts (31b: 5-7). t The 13-year-olds were .aware of much of the 
\ common scientific phenomena around them; for example," items related to « 
\ !! te0r0l ^ y ;, astronom y' Personal hygiene, food, and biological sciences. 
\lu 2 r °r We o U ° n exercises requiring them to form conclusions on 
.the basis of information contained in tables and graphs. Thirteen-year- 
olds found it difficult to choose from alternatives and to use scien- 
tific apparatus. Nearly three-fourths of them were good, at' recognizing . • 
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questions amenable to scientific, inquiry, and 56% knew the /basic pur- 
poses of a scientific theory. About two-thirds of these students were 
sometimes" curious about why things in nature are the way ; they are, 
although only 8% indicated tjiey "oft^fc" had such curiosity. Most (94%) 
believed women could be successful scientists; 91% believed scientists 
did not always work in laboratories. 



Influence of Social and Cultural Factors on Science Achiev&jient 



Parental Education 



In the 1969-7^0 national assessment of science, each 13-year-old 
.student was askqi to fill in the "tail sheet" of the exercise bo6k and 
indicate' the highest year of schooling .completed by his or her father 
and mother. Levels of parental education were^ coded as- follows 
(32:27):* v . 

0: Education of parents not ascertained ' 

1: Neither mother nor father educated. beyond grade 8 

2: Either * mother or father had some high sfchool, but neither 

* „ completed high school 

3: Either mother or father completed high school, but neither was 

trained beyond high school 

4: • Either mothfer- or father was educated beyond high school 

Disregarding all other variables (color, sex, region, etc.) that may 
exist in an examination of science test results compared with educa- 
tional attainment of parents, a positive relationship was found. 
Students! whose parents were in levels 0, 1, and 2 fell below the 
national, median in science achievement; level 3 students were about at 
the national median, and students with a parent who had some^ education 
beyond high school scored above the national median (32:29). 

The science performance of 13-year-old students in relation to the 
educational levels of their parents wa3: 

* ; < * ' ■ < 

Level 1-r Neither parent attended high school* . 

The unadjusted, total science score wa|^11.8% below the rfatiotial 
median. There wer^e no atypical test ytfems that might characterize 
students in* this educational. lfcve]r of parents. The percentage 
difference between educationai\Jev/ls 4 and 1 was 17% (unadjusted 
. and- 11. 2% '(adjusted) (32: 44) * 

Level 2: At least one parent attended high school . 

• \ 

In this category,- students had a median 6.2% below the national 
y 'median,- Here, one finds that "exercises r$quirin% reasoning 
from graphs or pictures tend to be exceptionally difficult for 
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* » » 

respondents whose parents -failed to complete - high school, as do 
exercises that demand' special vocabulary knowledge" 4 (32:45). 

Level -3: At least one .parent graduated from high school. 

/ * • * 

At age 13, there was a slight tendency (1.3%), for respondents to 

perform below the average" (32:32,34). The adjusted median was -1% 
(32:45). There were no closely related exercises where a deficit 
would,! indicate^ general weakness in comparison with the national, 
median. 

Level 4: At least one parent educated beyond high school^ ' 

- Students in this category had a median score. 5.2% above the 
national median. The students performed especially well on exer- 
cises requiring an understanding of ^1) testing hypotheses, (2) 
reading charts and graphs, and oKfiL knowledge of particular facts 
and principles. The strengths of Level 4 students were the weak- 
nesses of Level 1' students (32:32,35,48). 

Students who did not identify the educational level of their parents had 
a median score of 7.7% below the national median of their age group. 

When the exercises for 13-year-olds were sorted into biological, 
physical/ or unclassified groups and were associated, with parental, 
educational levels, the patterns of student .achievement were similar to" 
all items combined' (32:39). Whether biological ■ or physical science 
topics were considered, student achievement was consistently and posi- 
tively related to the educational leVelv of their parents. 



SCIENCE ITEMS 


v — ' — I 

»\, . LEVEL. OF PARENTAL EDUCATION 


0 


1 




3 


4 


* • 

Physical science 


-7.4% 


-11.1% 


-6A% 


-1.4% . 


+5.2% 


Biojogical science 


-7.8% 


-12.2% 


-6.2% 


-1.9% 


+5.4% 


Unclassified exercises \ 


-9.2% 


.-12.3% 


-3.6% 


-0.9% 


+3.9%" 



The science achievement of 13-year-olds, in relation to the levels 
of parental education, was examined in 'terms "of the four objectives of 
science education: (1) facts and principles, (2) abilities and skills, 
(3) investigative nature, and (4) attitudes and appreciations (32:38). 
Parental education had the least effect on student attitudes toward and 
the appreciation of science and the greatest effect on their science 
abilities and skills. Overall, effects associated with the four levels 
of parental education appeared to be almost identical, from one aqe to 
another (32:49). \. ; v 

am?- 
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OBJECTIVES 


LEVEL' OP PARENTAL EDUCATION ' 


0 4 


1 


2 


- 3 


. 4 


1 ' 


-7:1% 


-11*535 


• -6.2% '. 


*-1.5J5 


+5.4% 


2 


-10.4% 


r 12.5% 


-7.5% 


-1.4% 


+5.7% 


3 

- ' - 


-11.0% 


',-13.5% 


-3.3%. .. 


-f.3% • 


+4.9% 


4 


-4.4% 


-2:o% x 


,: -2.6% 


* -0.2% 


+1.4% 



Region, Size and Type of Community 



Science, achievement scores for 13*-year-old students, were compared 
by geographical regions, and the size snd type of community in which 
students live'd. However, any interpretation of, comparative "achieve- 
ments in terms of these variables did not imply causal factors, but only 
illustrated an existing situation . 

Regional advantages or deficit for 13-year-olds in -terms of national 
median on all exercises (32:10-20): 

1. Northeast: 2% advantage / 
% a, Facts an^ptinciples: +1.5% 

b. Abilities andNskills: +3,2% t »« 1 




2. Southeasv^MG* deficit 

a. * FactAand principles: -4.5% 

b. AtviAiVies and skills: -7.7% 

3. Central: 1.9% advantage K 
* a. Facts and principles: +2.1% 

b. Abilities and skills: +2.*3% 



4. v West: 0. 6%* deficit rf 

a. Facts and principle's: -0.6% 

b. Abilities and skills: -0.6% 



When exercises we're sorted- according to physical versus biological 
science, the regional effects wetfe not significant (32:18). At age 13/ 
students in the northeastern and central regions performed a little 
Higher on the assessment than did those in other parts of the country. 
In the . southeast, students showed a deficit on 108 of„122 (89%) exer- 
cises. Compared t:o the "national sample, 3%, more of . the southeastern 
students stated they ^of ten askfed questions about • science. * 
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Size and type of community effects. Educational progress for 13-year- 
olds iir the sciences vjas examined in terms^of four community sizes 
(32:21-28): ' . 

1. Big cities (over 200,000 population) 

a. All exercises: -4.7% 

b. Pacts and principles:, -4.6*% 
c Abilities and skills: -4.8% 

2. Urban fringe (areas surrounding big cities) 8 • 

a. All exercises: . +3.4%* 

b. Facts and principles: +3.3% * * 

f c. Abilities and skills: +4.0% 0 

v3. Medium-size cities (20, 000-200, Q00 population) * 

a. All exercises: +1.11 * 

b. Facts and principles: +1.2% 

c. Abilities and skills: +1.7% - 

4. Small places (under 20,000 and rural) 

a. All exercises: -1.1% 

b. Facts and principles: -0.9% 

c. Abilities an<} skills: -2.2% 

i • i 

The poor science performance of 13-year-old students in big cities 
•was examined in some detail. Their poorest performance (-5.0%) was on 
exercises involving the investigative nature of science, and their best 
•responses were on exercises concerning, science attitudes, appreciations, 
i>nd consequences (-1.9%) (32:57). students In big cities were equally 
deficient in physical (-4.6%) and Biological (-4.7%) information. Stu- 
dents "fltag in the urban fringe did better than the national average on 
^foa, * mattersof genetics (+10%), setting up mechanical apparatus 
(+12%), and general knowledge about atoms (+11%) (32:59). Urban fringe 
students made their best showing <Sn "understand the investigative nature 
of science (+4.2%)\ There were no atypical exerqises for 13-year-olds 
in medium-size cities and small places. However, students in medium- 
dld b6tter ° n biological (+2.1%) than physical sci-ence 1 
(+0 8%) topics (32:63). In smaller places,, the difference betwee/ the 
biological and physical science understanding was s'l'ightly (+0 7%V in 
favor of the physical sciences. • 

, * : . . ,' • ' * • ^ 

The differences in the performance, of students, by regions and by 
size and. type of community, raise questions about science education in • 
thte United States that deserve further study. " It seems evident, 
however, that out-of-school experiences . and social factors have an* 
influence on a. student's understanding and • appreciation of< science 
regardless of what happens in school. ' * . * 
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Sex and RaciaL Differences in Science Achievement 



Sex Differences 



The^^tssue of whether boys and girls show differences in their 
' under standi ng^f-^scle nee * at age 13 can be explored from irif onnation • 
obtained from the 1969-70 4*ational Assessment of Educational ^Progress 
v (31) . When test results for^aHquestions were combined, the median 
score fbr 4>oys was 1.7% higher thantha£of girls. Of the 122 exercises 
on the science test, boys performed betilr^^than girls on 90, or 74% of 
i;he total. number (33:23-35). A ^ 

An analysis of male-female differences v ^}>t6rms of the objectives, 
for science education revealed; that the mediarOfrasJtn f avor of 13-year- * 
old boys on Objective I , Know Fundamental Facts and->5rinciples t of 
Science, and Objective II, Possess 'the Abilities and Skills Needed to 1 
Engage in the Processes of Science (33:26). For Objective III, Investi- 
gative Nature 'of Science, and Objective IV, Attitudes iand-Appreciation 
*of Sciences, 'the number of test items was too small (eight each) to 
allsOw a meaningful evaluation of sex differences. Exercises oh which 
boys most clearly pefoymed better than girls were exercises that per- 
tained to simple experiments in physics. < 

Sex, differences on biological versus physical, science exercises 
favored boys. The median for boys on the physical sciences yas 2.4% in^ 
their favor and for the biological sciences it was 1.5%.- 'The distribu- 
tion of ^scpres on physical and biological exerefses was similar ^or 
males and females. The orfTy^Sxercises op which boys performed at .least 
9|*better than girls were physical science topics (33:30) 

While boys appeared to understand science better titan girls at age 
13, the'sex differences on. the four objectives of science education were' 
small and probably were not Significant, . Adjusted or , balanced medians 
between/sexes were smaller than for ^unadjusted val.ues. * 



Racial Differences 
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"In view of the widespread national concern with .the educational 
disadvantage of blacks and other minority groups, National Assessment 
was designed so as to begin an evaluation xpf the details of such possi- 
ble disadvantage. The color of each respondent was noted by the 
exercise administrator on thi assessment package as answers were turned 
in" (32:5). The color classification was recorded as "black, "white," 
or "other." ' 

The meclian for 13-year-olcl black respo ndents was 15% below that of 
whites and other racial groups on the science test as a whole (32:5,6), 
Mediah relative performance b^|blacks on '6ach of the science objectives 
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showed blacks to have a disadvantage for" each objective, as follows: 
(1) facts and principles, -15%; (?) abilities and skills, -18.7%'; (3) 
understand investigative nature, -18..8%; and (4) attitudes and' apprecia- 
tions, -4.3% (32:7,8)* piacks dfd relatively better on science fact 
exercises than on science process items. There were; no systematic 
differences in black performance on physical science exercises (-15%) 
versus biological' exercises" (-15.4%) (32:7,9). v * 

"Blacks are subject to many adverse •social, •economic, and cultural 
conditions and it . is extremely difficult to identify factors most 
responsible for their .comparativenaisadvantage ^in science* learning with 
other racial groups. Using a tpchhique' of • balancing c ' which reduced 
"double counting" of individuals for any given factor^the performance* 
of blacks was examined as a residual disadvantage after a^ consideration 
of type of community, parental education, sex, or regional representa- 
tion (32:11).* When the science scores,, for 13-year-old * sfudents were 
"balanced," the median for blacks showed a -11.0* disadvantage compared 
with the unadjusted median of -15% .(32:11). • * 4 

After balancing, scores on individual science exercises were exam- 
ined in, terms of being atypically high or low compared to the national * 
median. This provided additional insights into performances by racial ' 
groups. For example, age 13 blacks did about as Well ' as non-blacks om 
exercises that referred feo direct experience, ^such as .purpose of tboth 
brushing, kind of clouds that bring rain, and burning gasoline in a car - 
creates heat (32:17,18).* Blacks alsq did well on questions based on > 
everyday experiences about human biology and about scientists (exercises 
not released) (32:17). , * * 

Exercises on which 13-year-old blacKs "did especially poor ly in 
science were those that tended to be bookish (flower seeds develop from 
ovules) and have an abstract* quality (making predictions from informa- 

-TTorr about weather) (32:20). "Another set of exercises with pooc black 
performance involves the plotting and 'inte£pr?tati6n of <data graphs,", 
for example/ the use of physical apparatus to generate data that is to 
be graphed (32:20). Blacks had difficulty with items involving science" 
principles such as the "balance of nature." "In general, black 13-year- 

'olds do most poorly * relative to the national sample- on exercfises 
involving either unfamiliar terms or , remote content materials for which 
the ccffrect approach involves a detached indirection characteristic of 
the » scientific method'"' (32:21). • 

Ovferall, ".blacks' perform best on those * science exfercises most 

dependent upon daily ^experience and common knowledge ar\d poorest on" 

those which involved detached research attitude toward the objects and * 
phenomena of science" (32:26). - , 



Homogeneous Grouping 

In the 1960s, educators assumed that, for purposes of instruction, 
students should be grouped" on the basis of similarities in learning 
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characteristics. Homogeneous grouping ii) science was practiced in at 
least some grade by about 60% of the junior high \ schools (20*10). The 
practice of grouping was not equally common formal! grade levels; in the 
Junior high schools, for example, grouping was ^typical in 39% of the 
schools Sit grade 7, 42% at grade 8, and *45% at gfrade 9 (25:21). Less 
than 10% of the junior high schools used grouping at only one grade 
level (20:26). School, enrollment also showed an influence on the prac- 
tice of grouping students' in junior high schools: with- 1,500 pupils, 
three-fourths grouped; 500 to 1,499 pupils, two-thirds grouped; and 
fewer than 500 pupils,, only 41% grouped. 

ScKools were asked whether they anticipated changes in emphasis in 
homogeneous grouping for science classes during an ensuing two-year 
pfttiod. 'Nearly one-fourth of the schools of all sizes stated they 

-planned to give more emphasis^to grouping, and 3% of the schools indi- 
cated .less "emphasis (20:12). * SmaJ.1 schools m (S£0 or fewer students) 

v vpl£nned to increase student grouping more than did large schools during 
the next two years (20:12). 

Criteria ,used for grouping students in junior high school science 
were roughly comparable resf&rdless of school size. The percentage of 
schools using variqus criteria were: (1) intelligence tests, 0 90%; .(2) 
teacher recommendations, 90%; (3) achievement tests, 87%; (4) previous 
marks, 86%; (5) pupil interest, -65%; (6)1 aptityde tests, 41%; (7) parent 
recommendation, 30%; and (8) other criteria, 10% (20:12).- 

Using -multiple factors as the" bases for grouping students was the 
common practice. Middle-size schools (5.00 ,to 1,499 pupils) .made a 
greater use (45% compared with 27%<) of aptitude tests and parent recom- 
mendations than did small or large schools (20:11). About 7% of the 
schools used reading test* scores as a factor in grouping students for 
science instruction* (25: 25) . . 

The extent and practice pf~ homogoja^pus grouping in junior high 
school science, during the* 1960s was greatly reduced during the 1970s as 
the educational trend shifted to concepts of equity and the practice of 
"mains treating. " 



Supervisory and Administrative Services 



The period 196(f-1970, showed major efforts being made -nationally to 
improve science teaching in the 'schools. These activities included new 
curricula, new programs " for insejrvice 'teacher education, and federal 
funds fot the purchase of science sullies and equipment. By ^ 1963 ^ 
nearly 28%" of science teachers in junior high schools had attended a 
National Science Foundation program, and ^66% j>f £he schools indicated at 
least one teacher on their staff who had participated in an«NSF program 
(2Q:25). The smallest percentages of teachers participating in these 
programs were from, the southeastern and New England, states. About one- 
quarter of the natiorv?s scBbols provided funds for the ^development of 
instructional materials by teafchers during the summer -months (20:24). 



2 ihTT r. mOSt COnm,0n ln the far western states ' involving 40% 

S 81 1 two-thirds of the nation's junior high schools provided 

some type of inservice training (20:24). This training was usually at 

orLn? T 1 ' 6XCept for ' smail schools where the programs were 

organized at the school level. • H y \ 

ranainrfro/^^F U " Se ° f or consultants, 

AhonJ fnf J " f° r SmaU SCh0 ° 1S t0 93% in tne lar 9 e schools (20:25) 
About 50%. used science .curriculum specialists , from city or county school 

eduSol ; % ne % ly - 4 ° % US6(? conSult ants from staife departments of 
education and professional people from colleges or universities. Help- 

smail a nS er m S i.^ rVln9 S6V ! ral SCh °° 1S W6re USed iri 10% to I 2 * of the 
(20 251 *h l e lt 1Ze S f h °°l S 1 and in ° ne -third of the large schools 
tlitlfi ;„Io I consultant help varied widely throughout the 

United States; for example, 90% of the schools 'in the far western states 
used consultants, in contrast to 60% in New England schools. All 
regions, except the plains states,, made the greatest use of city-countv 

„Sau£r (V™ pla H T i stat r r e more use ° f stat * ~t y - 

S Z (20:26). helping teachers were most widely used in the far 

western regions and consultants from colleges and universities in thl 
southwestern areas. , The tendency was for schools to seek out general 
w"^ 8 * S tV f% ^ types of consultants 

• staLs ™ rtP 5 e " ty "/^ e PerC6nt ° £ the schools in the far western 

h ^ ! S fl re P° rt ed usmg'science-trained specialists, in" contrast to 42% of 

(20:26 3 oT * a ^ im ^ 60% for the national average 

awav TrlTtlJiL S T iCeS -° f , cms » lta " ts made a difference in moving ' 
onw hZ ffi I c . urrlcula and Practices in the junior high schools 

11 f ll n *. " Ca " be Said ' however ' that the majority 3f ' 
™ho?i%ra:tip. laliZed aS5iStanCe ^ ded t0 ^ -insists 

(Support staff within the middle school grades consisted tvoicallv 

t Ons mi there rat a ° s rS ^ 'T^' FOr m ° St middle schOQl ~£ 

• nS - th !" wa * 0ne administrator for every 400 pupils or less (34:1) 

Sas !te C £Zl I***? 00 } . admini strator in 86% of the middle schco Is 
was the management of discipline (34:23). 

%chcoir eS On?v al . a SCl Ti COu " Sel ° rs were found 40% of the middle" 
ron IV p y t ° f the middle Scnools met the ideal ratio of one 
counselor for each 200 pupils. However, 41% of th^ schools had one 
counselor for each 400 to 600 students (34:21). Large' enrollment 

han°° id ( ^a e n 4 s 00 n 'r^ 3 r ° ff?r m ° re P rofessi °" a l counsel^ service 
than did small schools. The apparent defipisqcy of counseling services 

proVssrona^^selfrT ^--"^^^P^enting^ the' vorVll 
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Teaching and Learning Resources^ * 

* » 

Science teaching and learning in schools are influenced by .adminis- 
trative arrangements and by instructional resources.' Among the adminis- 
trative factors are class size arid the teaching load* Class size is of 
concern because of its relation to the feasability of carrying on labor- 
atory activities. . The mean class size, 4rn the 1960s, for^all junior 
high school science courses throughout- the nation was 29 students 
(20:9). The mean class size for all/sciences taught in grades 7 through 
12 was 26 students, with 74% of the classes- having 30 or' fewer students 
(20:107). The smallest science classes were found in the southwestern 
states (mean 24 students). In all other areas of the United .States, 
class size means ranged from 29 to 31 pupils (20:9). No* one region of 
the United States was consistent in its rank of mean Sizes for all 
science ' courses . # 

Teaching load is influenced by the number of class hours per week 
devoted to teaching science and the number of separate class prepara- 
tions the teacher must njake. In the 1960s, the largest number (36%) of 
junior high school science tpachers had ,21 to 25 class hours of teaching 
per week; however, 13% iiad^between 26 And 40 hoprs (20:8,9). Another 
third of th^ science' teachers spent ten or fewer hours per week teaching 
science and appeared to have more diverse teaching assignments. Assum- 
ing that 30 hours' of sciepce teaching per week would be a normal lo^d, 
there was an overwhelming proportion of teachers assigned to part-time 
science instr uctio%J20 : 9 , 29) . 

Textbooks were used in 80% of the science clashes, although not at' 
^ the ^same percentage level for all grades. Over 95% of the schools' used 
texts in grades 8' and 9; fewer schools used textbooks in grade 7 
(20:13). At all grade levels in 60% of the schools* a single text was 
the prevailing practice. Half of the schools used a coordinated text 
- series for the three grades (20:13). At all grade* levels in 60% of the 
schools, a single text was the v prevailing practice. Half of the schools 
used a coordinates text series for the three grades (20:13). Fifty 
percent of the textbooks in use, for whatever science dourse taught, 
vwere copyrighted two to four years in* the past (20; 14).' Earth science 
textbooks were the most recent and health science the oldest in terms of 
publication dates. ' Only about 2% of ( the schools were using textbooks 
ten or more years old, with the exception of life science texts where 
the number was 5% (20:14). Resource materials prepared by teachers to 
replace textbooks, or to adapt a course to local needs, were found in 
10% of the schools (20:14). However, teacher-prepared worksheets wers 
used in almost 'two-thirds of the'schools (2(f:15). 



A variety of reference materials on- science were found in 94% of 
the junior high scfiool libraries, with 70* of the schools rating their 
collections as good or excellent (20:15). Weekly science newsletters 
a ^ science periodicals were available in 87% of the schools. Science 
reference collections were rated "good or excellent, according to types 
of publications, as* follows: ' (1) general reference books, 85%; '(2) 
popular science magazines, 73%; (3) science reference books, 69%; (4) 
science books other than adopted, textbooks, 64%; (5) weekly science' 
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periodicals, 58%; (6) scientific journals, 47%; (7) professional science 
teaching materials, 47%;, and (8)~ science paperback books 25% (38% of the 
'libraries did not accept paperbacks) (20:40). Schools, were asked , to 
estimate the number of science-related titlfes in, their " libraries, and 
the mean number of titles was 452, the median ' 522 (20:41). Large 
schools rated the adequacy of their science library collections as poor 
ten times as- f recently as did 'small schogls (20:16K 

Classroom collections of general * refer eijci and/or science textbooks 
other than adopted texts were fouMKUn 98% of th^schools; .however , only 
10% of ^these. collections were rlted as excellent\(20:>16) . Typically, 
50% of the schools considered their classroom science book colieqtion is 
good. in a majority of Schools, teachers had access to reference 
materials that were housed outside their classrooms but could be brought, 
into class (20:16). 

Audiovisual aids as a resource for science teaching were surveyed' 
*s to whether they were .readily available to science teachers. (it was 
assumed that ^readily available" was a better measure of use than simply 
noting whether the school had a particular audiovisual aid.) The per-', 
centages of junior high schools -in which audiovisual aids were readily 
available, and those in which they were not -available, are shown below 
(20:42). - * * 



. AUDIOVISUAL AIDS 


% READILY 
AVAILABLE 


% NOT 
fZ AVAILABLE 


1. 


Commercial* charts - 




, ' 61% 


7% 


2. 


Homemade charts* 




^8% 


14% 


3. 


Commercial pamphlets 




^ 58% 

70%* 


9% • 


4. 


Mlcroprojector 




19% 


5 - 


Slide/films trip projector 




94% 


0.8% 


6. 


Overhead projector 




54% 


32% - 


7. 


Opaque projector 




67% 


18% 


.8. 


Commercial models (ear, «ye, 
torso, etc..) 


61% < 


16% 


9. 


Sound motion pictures 




80% 


3% 


10. 


Silent motion pictures 




45% 


37% 


11. 


Television, broadcast.'* 




- " 28% 


47% 


12. 


Television, closed circuit 


5% 


, 92% 


13. 


FUmstrlps 'and slides 




10% 


23% - 


14. 


Flannel board 




24% 


23% 


- l£ 


Commercial displays' 




49%' 


6% 
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Forty-six percent of- the teachers ^reported an inadequacy of self- 
instructiopal materials ill their schools (29:112)* Evidently, the most 
common.' piece of audiovisual egui|>ment in junior /high schools was the 
slfder films trip projector, but 23% of the schools owned no filmstrips or 
slides, and only 10% of « the science teachers found. them*rpadily avail- 
able. . While 28% of the teachers found it convenient to use commercial 
television broadcasts, nearly half the schools did not owfy a television, 
receiver. J terns teachers might make,- such as 'charts or a flannelboard, 
were not widely used. v * » x 

-Whether laboratory* work was used in teaching science was influ- 
enced, in part, fry .facilities a,nd equipment, in 70%n of the junior high 
schools in the United States, sdience was taught in ^a combination qlass- 
laboratory room (20:17). A 'fourth did not have laboratory facilities 
for teaching science* and this was truer (40%) for the. large schools. 

(20: 1,7) . c Facilities designed for teaching the more specialized science 
subjects, sucft as life, heal'th, physical, 'and earth Sciences, ir\ 
contrast^ with general science'were hat common (20:18).* More than 90% 
had water, gas,* and electricity available in the room for 'teacher 
demonstrations, but less than 30% o o f the schools had these utilities 
available at pupil tables (20:43). Small schools were more likely to 
have fully equipped laboratory tables than large schools. Threerf ourtta. 
of the schools had a separate storage room for science equipment, and 
90% of the schools had 'Cupboard % space, a storeroom, or both (20:44). 
Large schools were more likely (90%) to have a separate storeroom >than 
small schools (56%)^. Special * facilities and equipment for science" 
teaching were 'present ^in many^ schools; for- example, (1) weather 
equipment, 56%; (2) planetarium within reasonable travel distance, 43%; 

(3} housing for small animals, 34%/ (.4) school planetarium, 12%; and (5) 
a greenhouse, 6% (20:18)'. Less ,than 10% of the schools indicated they 
had any special facilities other th^n thos£ listqd. .A few schools had 
nature trails and land laboratories (25:81). A 

During the 1960s, the National Defense Education kct made federal 
money available to * local schools for improving their science teaching 
resources. Thirty percent of the jupior high^ schools used these funds 
to improve their science teaching facilities,* and 82% of .the schools 
reported equipment purchases . fift: 19) . 1 Only' 15%«stated they made no use- 
of federal funds to improve teaching "resources. #DEA money to jnifchase 
equipment was spent for overhead projectors; microprojectors; commercial 
models; and, to the greatest extent, filmstrips and slides (20:20). In* 
almost three-fo6rths of the schools, an annual budget provided for hew 
science equipment. This is,t£ue'for 90% of the large schools (1,500 
students), but only for about 50% of • the small schools (500, students .or 
less) (2(7:20). About 75 & % had a budget for consumable materials, and 
70% had budgets* for "both Consumable* materials and new equipment and 
supplies (20: ?0). Small schools were less likely 'to have any kind of 
budget /or supplies and equipment. Less than 25^ of the schools made 
fynds 'directly available to teachers, to buy supplies as needed. " With 
the availability of ^TDEft funds, ^7?% had increased their equipment pur- 
chases qver the past two years (20:44). ~ t m 1 

. Science'* learning resources that were not necessarily curriculqm 
bound were represented by club activities and interschool scifeYice fairs. 
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Sixty percent of the schools had one or more science clubs, 30% had only' 
one, and 10% had five or more clubs (20:45). Nearly three-fourths of 
the schools participated in interschool science fairs at some grade 
level: (l) 3% at grade 7, (2) 59% at grade 8, (3) 66% at grade 9, and 
(4) 30% at all grade levels (20:45). About two times as many projects 
were completed by students in the eighth and ninth grades -as were com- 
pleted by seventh graders (20:46). 

Teaching and learning resources for science instruction in the 
junior high schools of the United States during the latter part of the 
1960s were improving. On a statistical basis, it would appear that 
three-fourths of them had suitable rooms and the equipment for teaching 
science. However, there was great disparity among schools located in 
different sections of the nation and .between large and small schools. 
In the southwestern part of the United States, schools were typically 
below the national average in facilities and equipment. Large schools 
were less likely to have adequate laboratory facilities than small 
schools but did have more adequate libraries. It seems quite evident 
that school administrators could benefit from a well-developed set of 
guidelines and standards for instructional resources that reflects the 
demands of modern science curricula in terms of intellectual goals and 
supporting instructional practices. 



o 
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"The quality of science instruction offered in the junior high 
schoox toay well be a determining factor in the student' s life-long 
attitudes toward science and scientists" . (1:1) . This statement, though 
Vritten sometime ago, is very apropos today. No one can deny* atr^east 
two of the important variables that influence the quality^ of science 
instruction in a classroom; the teacher and the materials being used. 

These two variables are very complexly interwoven and difficult to 
separagl when analyzing a specific class. All combinations and permuta- 
tionsjcf teaching styles and types of materials are possible and ^proba- 
ble. No one scheme of analyzing the currently used materials will 
reveal the true state of the art. A multifaceted approach is necessary, 
and only then can the broadest trends be gle^^||With- any confidence. 
Program materials are analyzed in this section with the full realization 
that the teacher is a very/ significant force in determining the effect 
the materials will feally have on the students using them. No curricur- 
lar materials are teacher-free; all are highly teacher-dependent. These 
•facts complicate the prospect of analyzing classroom materials outside 
the classroom environment. 

» * * « 

Certain assumptions must be made in order that each Ijet of materi- 
als gets its "fair shake" in a norifclassroom analysis. S&mply stated, 
tot this study, materials are analyzed at face value. When examining 
e$ch' set of "materials it is assumed that the materials will\ be used as 
the developers t intended (for the. right grade level, setting, etc.). 
Further, it is* assumed that the teacher will teach the materials as 
described by the developers, i.e., teach the labs if labs are provided, 
'etc. For purposes of consistency, it is important to make these assump- 
tions and not to make any inferences about other possible uses of the 

materials. , 

* ~V • 

All statements that are made /about the materials analyzed in this 
section are based pn personal examination of the materials. All materi- 
als reported herewith were secured first-hand and analyzed by*the people 
writing this report. This first-hand' approach seems important, since 
results of these materials analyses will be compared and contrasted with 
dimensions reported tn other parts of this report. 

4 • ^ 

Sales figures for science education programs are not kept in any 
systematic^ fprm on y a -national basis. Therefore, knowing what science 
materials are currentlyl^eing widely used in our schools is not 'easily 
nor accurately determined.* Nor is such' determination inexpensive and 
..without 4 potential disagreement. * Report of the i977 Nation 1 Survey of 



Science, Mathematics , and Social . Science Education (2) . served as the 
major source of data on the most .widely used materials for the. 1975-80 
time period. This* study was t*he most comprehensive and exhaustive, study 
of this type completed during 1975-80. Thus, this data source repre- 
sents the "best" data for the time period 'studied. * 

Several problems were encountered in using the Weiss data for this 
study. One problem resulted because the grade classifications ustid in 
the Weiss study were not congruent with this study. This study consid- 
ered grades ^6 through 9 as encompassing the bulk of middle and junior 
high school students. The Weiss data were reported in the grade cate- 
gories 4 through 6 and 7 through 9. Thus, for purposes df this study we 
had to extrapolate the data for the sixth grade f rom -the 4-6 Weiss 
category. This extrapolation led to pu<r decision to analyze the top two 
most widely used sixtfi-gra^ programs as a part of this study. Two were 
selected because of the large percentage of usage represented by. the two 
programs (25%) . The many other sixth-grade programs that were reported 
fragment the remainder of the market into very snf&ll pieces, eaclj of 
which captures only a very small percentage of the market, Thus* the 
decision was made to examine only the two largest sellers at the sixth- 
grade level. , 

In the 7-9 Weiss grade period, the decision was made initially to 
analyze the top four programs sinc<? they represented about 25% .of the 
usage. After reflecting on this decision and analyzing how the Weiss 
data were collected, it was noted tha4 no life science programs were 
contained in the four top-sqlling prpgrams. Therefore,* -the analysis 
would be void of .life science programs. This omission, resulted from our 
straight linear use of. the Weiss*data. T&e-*life science jnarket at this 
le^el doesn't* have one -"big winner*. " T 0 he, market is very evenly divided 
among four or ftye life science programs*. Thus, ify the^Wfciss data no 
life science program tferd^ ftjintp 0 tfre top four- programs when only' grades 
7 through 9 wef e^onsid^re v d^eve1i -tho^gh^ total market" f$r life sci- 
ence materials is very larg^ a * g'e)ice, ihe&deci'sion was ma^^to analyze 
the next five programs (all of ^egual•^gV}/reported/on ' the 7-9. list. 
The net result of this decision was the nawtfjbci anafyze^nine programs 
instead of the intial four. Totally,, for ^he 6^ ca^egory^'/the result 
of this decision was to analyze eleven major ^ogrante^ insftea^pf Six as 
originally-planned. * - L ^ \ ~ - . 

The next key issue 'that emerged was the impottaHt idea Qf 3 reviewing 
all the materials in those programs that were designed to bfeuised as a 
three-year series. In the analysis of the major series, one"feoo1< in one 
of the series Focus on Physical Science (FOPS) did not/appear;^ t^e 
W$iss data. This title was added to the analysis grouf), .bringing the 
total of programs to be analyzed to 12. - ' i t /f 

/ 

The next problem encfounfee^d was the availability of ^multiple 
editions of the same materials. Because 9 f the 'time lag that is known 
to occur from the release date of a program until it i§ 'in place in 
schools, the follpwing scheme" was employed* for *final selectigft of "the 
materialmen several copyright dates were available. A. 1977 copyright 
was confidered to be first prior ity, with a several year delay such a 
copyright date would most likely represent the materials 'curflntly in 
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use in schools. When a 1977 copyright was not available, the date 
closest to 1977 was selected, with aq earlier date having priority over 
at later date (for example, a 1976 j3ate would, be selected over la 1978^if 

.both were available, but a 1978'would be selected oVer a 1974 copyright 
^date.) The exact materials that were analyzed and their copyright dates 
are shown in Table "l. - Note the abbreviations in parentheses after each 
citation in the table. These abbreviations will be used throughout the 
rest of this report. A similar set of criteria was employed for the 

.1965-70 time period, with 1967 serving as the comparable reference point 
for the time- period. 

Table 1. Specific Program Materials Analyzed (Classified 
for Ease of Description and Comparison) 



LIFE SCIENCE 



PHYSICAL SCIENCE 



EARTH SCIENCE 



GENERAL SCIENCE 



OTHER 



Living Things , 
Fltzpatrlcfc, Tete r , 
and Bain, Holt, 
Rlnehart & Winston, 
Inc., 1970. (LT)* 



Focus on Physical^ 
Science , Helmler 
and Price, Charles 
Merrill, 1974. 
(FOPS)* 



Focus on* Earth 
Science , Bishop, 
and Sutherl and , 
Charles Merrill , 
1976. (FOES)* 



I ntrod uctory 
cTe 



Focus on Life 

Science , HeTTmer < Physical Science , 
and Lockard, Charles IPS Group, Prentice- 
Merrlll, 1974. Hall, 1967. (IPS)* 

(FOLS)* 



Life : Us Forms 
and Changes , Bran d - 
weTn, et al . , Har- 
court, Brace & 
World, 1968. 
(LFAC)* 



Science : Under- 
sea ndi ng Your 
Environment , MalUn- 
sbn, Mallinson, and 
Small wood, Silver 
Burdett, 1976 (UYE)* 

Concepts ±n^ Scjence, 
Brandweln, et al . , 
Harcourt Brace Jovan- 
ovlch, 1975. (CIS)* 

Principles of Science , 
Helmler and~ReaT; . 
Charles Merrill, 1975. 
(PQS)* 



** Modern Science Series , 
Blanc, »Holt, R1 nehart , 
- & Winston, 1971. (MSS)* 

** Study Lessons j_n_ 
GeneraTScjence , Gross,- 
et al . , Follett Educa-. 
tlonal Corp., 1975. 
(SLGS)* 



Probing the Natural 
World, ISCS, Silver 
Burdett, 1970. 



*The abbreviations in parentheses after each citation 
will be used throughout -the rest of.tMs report. 
**Not* avail able for purchase* from- publisher. 
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CHAPTER 1 
SCIENCE CONTENT 

An examination of the commonly offered courses (2:53) and the most 
commonly used materials (2:44-45) reveals the overall science content 
being offered at the middle/ junior high school level. Science content 
at this level seems to be organized into three major patterns: 

1. A three-year sequence of life, physical, arid earth science 

2. A one-, two-, or three-year offering called general science 

3. t A one-, two-, or three-year sequence of integrated or themati- 

cally organized materials 

In addition- to. these major patterns, other patterns are found. . Often a 
major, pattern 'is interrupted with the insertion^ of a health package or 
other specific content ^area deemed important in a specific locale. The 
content of the 12 programs analyzed in this study will be discussed only 
within the major classification scheme; unique* 'patterns wili not be 
considered. Comparisons will be. made within and across the three broad 
categories suggested above. The categories of life, physical, and earth 
science are also useful in dividing the content of codrse materials into 
more manageable units. m / 



Life Science 

J 

The content * in thfe three life science books studied can best be 
characterized 'as enoyclopedic. Table 2 (on page 150) shows the topics 
covered in one of the books (POLS) as taken from its table of. contents. 
The numbers in parentheses show how many of the* three life science 
programs included each topic. This "covering" thrust in these programs 
allows each topic to be covered only superficially. The net result is 
that the materials are overwhelming and more difficult to read (even 
though the reading level claims are low) than some more advanced texts 
that provide •more information on each topic. The conceptual load in all 
of these texts is inappropriate for the developmental level of middle 
and junior high school students. There are more jnajor content areas 
covered in these programs than there are days in a school ^ar. 

A 

Analysi.8' of the vocabulary in the texts further amplifies the 
encyclopedic nature of the programs. A sampling of one of the life 
Science texts (POLS) reveals that, on the average, each chapter contains 



over 100 new and/or unfamiliar technical terms. This 100 does not 
fnclude words that are not on a standard vocabulary reading list for 
this age level. since the book contains 25 chapters it means that 
students are exposed to minihally 2,500 new and/or unfamiliar technical 
terms in the course. Since the student activities or other materials in 
the course might also contain new vocabulary words the 2,500 number "can 
be interpreted as a minimum. . - 



Table 2. Content Coverage—Life Science Books 



The number In parentheses Indicates the number aS programs 
from a total of three that contained each topi^ 




Scientific methods (3) 
Scientific problems (3) 
Experiments (3) 
Scientific tools (3) 
Measurement (3) 
Metric system (2) 
Life characteristics 
* and activities (3) 
Classification (3) 
Scientific names (3) 
Species (3) 

Spontaneous generation 
Origins of life (£) 
Extraterrestrial life 



(1) 



(1) 



Classification of matter (3)1 Age (1) 
Physical change and 
chemical change (3) 
Symbols and formulas (3) 
Chemical equations (3) 
Atoms (3) 

Isotopes (1) [ £ 
Olgestlve system (3>~ 
Circulatory system (3) 
Spiracles, gills, and 
lungs (3) 
Neryous system (3); 
Endocrine system {4) 
Skeleton (3) -° 
Kinds of tissues (3) . 
Cell theory (3) J ' 
Cell structure (3) 
RNA and protein (3) 
DMA (3) 

Diffusion and osmosis (2) 
Turgor and plasmolysls (2) 
Cell energy (3) 
Cell division \l\ 
Requirements for growth (3) 
Chlorophyll (3) 
Cheml s try of photo- 
synthesis (3) 

Rate of photosynthesis (3) 
Flowers (3) 

Pollination and fertili- 
zation (3) 
Seeds (3) 
Germination (3) 
Seed dispersal (3 { ) 
Selective breeding and 
„ cross 'breeding (2) 



Polyploidy (1) , 

Characteristics of 
bacteria (3) 

Kinds of bacteria (3) 

Cultures (3) 

Staining (1) 

Budding and regenera- 
tion (3) 

Fission (3) 

Sexual reproduction (3) 
Earthworms, grasshoppers, 
and frogs (3) 
Mammals (3) 
Embryology (3) 



Dominant and recessive 
traits (3) 
Hybrids (3) 
Mendel's laws (3) 
Blending (3) " 
Gene theory (3) ^ 
Reduction division (3) 
Gene chemistry (3) 
Sex determination (3) 
Mutations (3) 
Animal breeding (3) 
Behavior (3) 
Troplsm (2) 
Reflex act (3) 
Training (3) 
Instinct (3) 
Chemical senses (2) 
Sense of sound (2) « 
Vision (3) 
Color vision (2) 
Biological clocks (1) 
Mosses an(J liverworts (3) 
Ferns (3) 
Seed plants (3) 
Ropts (3) 
(3) 



s (3) 



Stems 
Leaves (3) 
Plant cell 
The heart (3) 
Coronary circulation (3), 
Arteries and veins (3) 
Capillaries (3)~ 
Circulation of the blood (3) 
Blood (3) I 
Red blood cells (3) 1 
White blood cells (3) 



Lymph (3) 

Blood clotting (2) 

Blood types (1) 

Respiration (3) 

Excretion (3) 

Digestion (3) 

Digestive system (3) 

Nutrition (3) 

Filterable viruses (1) 

Structure of a virus (3) 

Are viruses alive? (3) 

Classification of 
protozoa (3) 

Amoebas (3) 

Flagellates (3) 

dilates (3) 

Sporozoa (3) 

Algae (3) 

Yeasts (3) 

Molds (3) 

Slime molds (2*) 

Human anatomy (3) 

The skeleton (3) 

Bones (3) 

Muscles (3) 
^Tissues (3) 

Cells (3) 

DNA and RNA (3) 

Causes of diseases (3) 

Koch's postulate (2) 

Polio (2) 

Vaccinations (2) 

Disease defenses (3) 

Interferon (1 ) 
Antibiotics (3) 

Disinfectants and 

chemotherapy (1) 
Cancer (1) 
. Disease carriers (3) 
Classification of drugs (2) 
Tobacco (2) 
Alcohol (2) 
Narcotics (2) 
Narcotics addiction (2) 
Barbiturates (1) 
Amphetamines (1 ) 
Hallucinatory drugs (2) 
Marijuana (2) 
Fossils (3) 
.Life in the past (3) 
Theory of evolution {3) 



Natural selection (3) 
Descent and change (3) 
Mutations and theory oT 

evolution (3) 
Food absorption (3) 
Central and peripheral 

nervous system (3) 
Brain and spinal cord (3) 
Neurons and stimuli (3) — 
Taste, smell , and touch (3) 
The eye (3) & 
The ear (3) 
The autonomic nervous 

system (3) 
Loewl's experiment (1) 
The endocrine system*(3) 
Reproduction (3) 
Pedigrees (1) 5> 
Carriers (3) 
Sex-linked traits (3) 
Multiple-gene Inheritance (3) 
Heredity and environment (3) 
Biological relationships (3) 
Biosphere (3) 
Community (3) 
Succession and climax' 

community (1) 
Community boundaries (1) 
Forest (3) 
Desert (3) 
Grassland (3) 

Tropical savannah (3) - ^ 
Tundra (3) 
Life zones (3) 
Ocean (3) 

Soil conservation (1) 
Forest conservation (1) 
Wildlife conservation (1) 
Water conservation (2) 
Water pollution (2) 
A1r pollution (2) 
Nutrition (3) 
Foods and nutrients (3J . 
Water (3) 
Minerals (3) 
Carbohydrates (3) 
Fats and oils (3) 
Proteins (3) 
Vitamins (3) 
Energy from food (3) 



9 
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Mastery of a foreign language after four years of high school work 
is usually estimated to be ajtjoii* 10,000 words or about 2,500 words for 
each one-year course. Middle and junior high school foreign language 
courses t usually have a goal of accomplishing one-half as much, or about 
1,250 words .» „(A one-year high school foreign language course is usually 
done in two years in the middle or junior high school.) Considering 
the , conceptual load of the science course, coupled with 
language -load equal to or 'worse" "than a real 
it any wonder that students have the view of 



\ 



coupled with the "foreign" 
foreign language course, is 
science they often possess? 
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Physical Science 



The homogeneity of content coverage found in^life sciepce programs 
does not seem to be as prominent a characteristic vith the physical 
science programs^ The major content of the two programs analyzed 
(Tabl^ 3') reveals this lack of homogeneity as well as other characteris- 
tics of the two programs. . ' - 

e 

Table 3. Content Topics of Two Physical Science Programs 
PROGRAM 1 (FOPS) PROGRAM 2 (IPS) 



>B£G1 



7 : > " 

Introduction to Physical Science 
Classification .of Matter 0 
9 Atoms and Compounds 
Periodic Table 
Families of Elements 
Carbon, and Us^tbmpounds 
Solids and Fluids 
Solutions ' 
Conservation of Mass 
Acids, Bases, and Salts 

* Force and Work 
Moving Bodies t 
Laws of Motion 
Heat 'Energy 

Heat and Its Uses 

Waves 

Optics 

Electricity^ 

Electronics ^ 

Radiation • ^ 

• Nuclear Reactions 

' Nuclearyechnology 



Introduction 

Quantity of Matter: Mass 
Characteristic Properties * 
Solubility and Solvents 
The Separation of Substances 
Compounds and Elements 
Radioactivity * *- * 
The Atonflc Moflel of -Matter 
fizes and Masses of Atoms and 
Molecules 
Molecular Motion 
Heat. ' " 



/ 

Program' 1, jfchich is part of a series that includes ohfe^of the life 
jttience -b<x>k^t/follows the "covering", philosophy., The physical science 
"field has not/ been narrowed for the young reader, as evidenced- by the 
comprehensive; content * coverage, of physical? science topics. Program 2> 
on the other <hand, has a thematic experiential approach, and, "coverage" 
is sacrificed for an in-depth £robe 'into one} aspect of th^physical 
world (atomic model of matter). * ' y 

Arguments can be made for each approach*, and different educational 
settings might dictate one over the other. Perhaps the more interesting 
thing %o note -is that the choice of different, content coverage does 
exist.' (The choice is probably more one of methodology thjrf qont^nt. 
This Will be discussed later.) Terms and concepts such as adiabatic 
cooling, allotrope, diffraction grating, endothermic reactions, Prasch 
process, Snell's law, « isobutape, ' mass spectrographics, . pentadiejie> 
rarefaction, rubidium, three-dimensional strong] bands, tetraflubro- 
ethylene, and thermionic emission fiSuna in Protgram I should be evaluated 
in tertos of the nature of the intended audience. .The physical* sciences/ 
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with their heavy reliance on mathematics and equatiqnal logic for under- 
standing of concepts, would seem to make the selection of content 
coverage in physical science programs at this level a very important 
priority. • , * - 



Earth Science 



, The^ Single most widely used program aC thisiage level (2:B44-45) is 
an "earth* science program <FOES).. This prog^am'.sslcontent coverage can .be 
described, as were some earlier programs, as encyclopedic andT all-* 
.encompassing of the earth science field. The program ifjBivided into 22 
major* units as follows: * 



rhajt Universe 



THfe Solar System 
The Earth-Moon System v 
Science .of the Earth 
Minerals 

High Temperature and Pressure* 

Rocks 
'Sedimentary Rocks 
Erosion in Humid Regions ' 
Erosion in Arid Regions 
Glaciers 

Topographic Maps" * 



Earthquakes and the Interior of 

the Earth 
The changing Crust 
Dating Geologic Time 
'Geologic Time-Scale 
The Atmosphere 

Weather and Climate * ^ 
♦The Hydrosphere 
* Circulation of Ocean Waters 
Air and Water Resources 
Natural Resource 
^nergy Resources 



Each unxt is .subdivided into major topics. The program contains 
138. major topics, w*th many embedded in each topic area. For example, 
"High Temperature and Pressure - Rocks" is divided into the foilowinq 
sections: ' * • 



The Rock Cycle % 
Origin of Igneous Rock 
Igneous Rbck Textures 
Igneous Rock "Composition 
Igneous Rock. Classification 



Origin of Metamorphic Rock 
Metamorphic Textures 
Metamorphic Composition 
Metamorphic Classification^ 



>Within this one chapter, student must deal with^the following terms and 
concepts: ' ' * ^ 



dust cloud theory 
centers of 

condensation ' - 
Kuiper's theory 
gravitational 

attraction 
barycenter 
center Qf gravity 
ellipse 
month 6 
eclipse* 



inner core 
sei smog rams * 
Jupriter # 
Neptune 
Saturn 

7.35X1022 kg % « 
-173°C 

Mare TranquiilaHiis 
maria 

Mare Nubium m 
craters 



zenith . * 
geodetic 
mean diameter 
■ .synodic month . 
axial rotation 
spherical 
Pythagoras , v 
• stadium 
Etatosthenes* 
Alexandria v ^ 
Syene 



lunar «*• 

eclipse 
solar eclipse 
perihelion 
kilometers 
aphelion 
devolution 
solar year- 
tropical year 
rotation 
earth day 
sidereal tjjiite 
Polaris 

Ip^peMicular: 



vernal equinox 
autumnal equinox • 
precession 
mean distance* 
orbital velocity' 
full moon 
waxing" gibbous 
waning gibbous 
waxing' crescent 
waning crescent 
relative position 
new moon 

dark of the moon 
first quarter 
last quarter 
satellites 
semicircle 



Straight Wall, 
volcanic vent • 
wailed* plains 
explosion- craters 
chain craters 
rills 
. rays 

Crater Tycho 
basalts 

Hawaiian lavas 
Fra Mauro 
Magnetometer 
astronomy 

jmeS~ojbc>lbgy_ _ 



geology 
oceanography 
physics 
Nansen bottle 
• nuclear reactor 
plagioclase feldspars 
olivine 
pyroxene 
iron sulfide 
orbit 

Newton f s law of 

physics 
principle of rocketry- 
mot her ship 
escape velocity 
gravity 
inertia 



circumference ■ - , 
Magellan 

oblate spheroid ♦ ' 
pendulum clock - 
period 

polar circumference 
equatorial 

circumference 
density 
surface area, 
mass 

atmospheric pressure 
polar radius 
Equatorial raddu s ^ 
equatorial bulge 
centrifugal force 
lattitude 
equator 
longitudes 
meridians 
Prime taeridian 
international date 

line 
V=4^r 3 
A=4^r 2 
C=2nr " 

tHtffy)/* 2 * (MXm)^r* 
crufet 

mantle ^ • ' 
g/cm^ • , 

outer* 'dor 6 L 



This chapter in the student's materials is by' no^means' atypical, nor is 
the nature of the content unique within the whole program: 'The concep- 
tual load for a young eager mind is overwhelming. The' content *of # the 
program can be" summarized — all of earth science. 0 « ' ~ } % 



General Science 



.Perhaps when an author or publisher Attempts to', create a prd^ram 
^>r "general science 1 * and not for a^disipline (such as^ life, physical-, 
or earth science) there is, subconsciously, >,more of" "a concerns for what 
should be included. The reasons^ for this arfe probably -nob as important 
as fcjxe net result; that ig^ the content is not nearly' as ^encyclopedic. . 
Although many of the Woad content areas found - in the general science 
programs are congruent with those in tfrhe 1 discipline-bburtd programs, 
there certainly .are drastic content and organizational differences in 
the general science programs. ^Teachers no doubt recognize- these dis- 
tinctions, and perhaps this explains the^ tenacity, with which the general 
-science courses have survived ever t^he years, withstanding the fc pregsur«es 
to change* to a lip&, physical, and e^fth' science series. * *\ 1 



( The general science programs appear to\ be 'written at a %iofe appro- 
priate level for sixth— to ninth-graBe students.. ' There seems to* be much 
more attention given to providing a set of^student materials thafc-ts 
readable (with a story line or thematic presentation) than to' presenting 
encyclopedic,, discipline-bound materials. Content seems to be .selected 
to move or illustrate ideas «and themes and is not written just -t<> 
cover ^ the entire discipline. The content seems to come closer" to^he 
cognitive level of the students. The content in, each program can- still 
be -characterized as being approximately one-thi^d life .science", ohe- 
third physical^ science, and one-third earth science. The abilityof the 
author or publisher to interrelate this content is quite varied across 
the programs examined. Topics such as motion, matter, energy, forces 
work, and machines fxom the physical sciences; rocks, minerals, earth- 
quakes, geolo gic hi sto ry, weather,, climate, and oce anography from the 
earth sciences;- and classification of living *'things> . survey of plants, 
survey*of animals, genetics, cell energetics, and conservation from the 
life sciences seem' to be the typical content included. 

The content * coverage in* the two-year program, compared to the 
programs designed for one year, are obviously different.' -The two-year 
program ( P 0S) is- much- less thematic, an/Plittle attempt is made to hide, 
the fact that there are abrupt shifts from one content area to another. 
For example, the Machine Unit (machines, levers, mechanical advantage, 
pulleys, wheels and axies, inclined plane, 'wedge, . screw, efficiency, and 
power) is followed by the Geology Unit (structure of the- earth, weather- 
ing and erosion, rocks, .minerals, igneous rock, sedimentary rock, 
metamorphic rock, changes in earth's crust* . plate tectonics, earth- 
quakes, and volcanos). In Ttiany ways/ general science programs designed 
for more- than one year are no-different in, their content, than the cover- 
age in the life, physical, and.ear.th science courses combined. There is 
really a cosmetic 'reshuffling .of much of the content of the three 
separate courses "combined in* the genera,^ science "courses designed to be 
used irv a multiple-year series.. r ' * ' . • 



A " ' .<-,'.. other 

Other available programs provide alternatives to the content typi- 
cally, covered in the best^sellifig- science- series at this level. 'At the 
time of the Iris Weiss, -,RTI study -(2) ,< Only one program of this type" 
made it into the 12 top-selling. programs. Therefore, only that program 
will be analyzed in this section. Other alternative . programs will' be 
described in other sections, of . this repoVt (Innovative Programs). 

The content of 'the one program briefly described here (ISCS) repret 
sents a real alternative to -the typical content coverage found in all 
the other materials. The three-year program is very thematically 'organ- 
ized, with experiential learning being of equal content with the other 
subject matter. From the* outside, the student book looks like any other 
book, but when opened, it is obviously different from others. Pictures 
and illustrations aw< abundant, ^|ut fox the purpose of assisting stu- 
dents in their experimental work, "not to give factual informatifcn or to 
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£e decorative.". There are no' italicized words and no long narratives 
•devoted * to information dispensing. The entite « focus and educational 
^philosophy ^of the program is very different f^om air the other programs. 
The author^Bescribe the Subject matter *of °tHe 'program, but the pro- 
cesses 6f sbientific „ inquiry are such an. integtal part of the total 
program that describing the subject ma r tter alone describes -only half the 
CQntent. \ The authors outline the subject matter of the program^as 
follows: * { 



i&VEL.I* Organizing Themes' * 

Content — Energy, its forms and characteristics v 
Process—Measurement and operational definition 
Student progress 

! OJ^er^v^work^heing done __ _ 

Measure force f * 

. Measure distance * ° * 
Measure work' *' 
* . Measure' energy 

- ' - Identify. forms of energy 

^Observe energy conversion 

Measure heat — infer conservation of energy 
v Infer mpyincf particle model "for matter 



LEVEL II Organizing Themes ^ ^ 

. ^ Content—Matter , its composition and behavior" v 
^Process — Model building . * *" 

Student Progress - 

Particle model for matter * * 

Expand model 

* 4 Infer limited number of particles — atoms 

Observe matter combinations 
Infer rearrangement of atoms 

Expand model to include differentially charged particles 
Test expanded model 
• . Apply expanded model to biological systems 



LEVEL 711 Organizing Themes 

Content — Independent units 
Process — Experiment and investigation 
Student Progress 
\o ~ Agply LEVEL I and II principles to study from units on: 
Astronomy , 9 ^ 

Environmental^ biology • 
Geology 

% Human variation 

Gene€ics t 1 * 

Space science 
Meteorology 
Other units available 
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As is quite bhvious from the content descriptors, the program is' 
more concerned with "uncovering- science and its nature than it is with 
covering all earth* ^physical, and life science subject matter. The 

=n°? ra ^ 1 S sac " fiCe jl «*erage *>r an experiential learning model and 
an in-depth pursuit of fewer subject areas. The-program, from a content 
»- ' represen, f an alternative.. to- the other most often used 
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CHAPTER 2 
METHODOLOGY 



Goals, Objectives, Intents , 

A Examination of the program materials as they actually arrive from 
^the/ publishers is perhaps a more realistic view of a program than the 
one described by'its authors. Problems seem to emerge in tbe commercial 
marketplace that often give programs an undesirable reputation. All of 
the usu£l snafus occurred in our purchase of materials for this study. 
Some components ' for programs ^ never did arrive after six months of 
waiting and reordering. It is no wonder that a teacher might get dis- 
couraged about. a very excellent program if detain key components never 
arrive for use. A six-month delay is nearly an entire academic year. 
Progress that have these kinds of delivery problems wilL not survive no 
matter how w<Hl conceived they might be or how good the goals might 
Sound. * 

How clearly do the goals and intents of a program emerge from the 
materials that arrive in the boxes frdJn the distributor? Before trying 
to analyze the quality of th£ program's goals and objectives it is 
probably revealing, just to tally the trends of various inclusions in the 
rationale components of the various programs, in this study. Table 4 
shows the' results of analyzing n^ne of the programs for 29 potential 
components. (One program, LFAC, was not included in this table because 
of missing components that were .not delivered by the publisher.) Note 
that this analysis, does not consider the quality of each component but 
merely considers the question of whether or not the component was 
included. Fot example, one should not conclude that the presence of 
the nine discussions of evaluation' '(Number 2 of Table 4) was adequate 
nor of reasonable quality. -An attempt to make reasonable comments on 
the quality aspect will follow. 

Analysis of Table 4 reveals that, publishers and authors have made 
the judgment^that evaluation materials, behavioral objectives, teacher's 
editions , teacfjing planning .guides , background information , and* safety 
are priority items in explaining and^def ending a program ta its pur- 
chasers. On the other hand,- parental involvement, out-of-crass work, 
teacher inservice, field testing, materials, rationale statements, 
psychology of students and of learning, philosophy statements, and goal 
statements for 'students dc^ not seem to be priority items. It is inter- 
esting to contemplate explanations for these apparent priorities. Does 
the publisher provide what teachers want and demand? Does the teacher 
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have any power to demand any more or anythinrf different? Does the 
tea v cher want only the "practical" items? Are 
void of substantive rationale and goals? 
raised by results like thbse in Table 4 are 



not 



Table 4- Pedagogical Components Found in jrine Commonly Used 

Science Programs t \^ 



tfie programs, in. reality, 
Th< se and other qpestions 
answered easily^ 



COMPONENT • 

-1. A specTal Teacher's Edition 

2. Discussion of how to evaluate student's work 

3. Teaching tips of individual lessons / 

4. Equipment lists for the programs 

5. .Explicitly stated behavioral or other- objectives 
o. Planning guides for implementing programi 

7. Background Information for teacher 

8. Testing and evaluation are described and discussed. 

9. Evaluation materials are available. 
Classroom safety 1s discussed and warnings provided. 
A goal statement for educators 
Goal statement Includes ah- information component. ' 
Goal statement Includes a science process component. 
Teaching tips are provided for the overall program. 



10 

11 

12 
13 
14 



is., uassroom management sche m e s ar e d escribed." 



PROGRAMS 
CONTAINING 
COMPONENT 

9 

' 9 
9 

• 9 . 

8 

8 

8 

7 
•7 
'7 

6. 

6 
5 

— 



.16. Grading procedures are discussed. 
17. A goal statement(s) for the student 
18- A philosophy of education is- included as parrdT the * 
goal statement. ^ v> " . 

II' A r0 u?? s skills are identified for the program. 

20. A philosophy of science is provided. 

21. The philosophical assumption's underpinning the program 
dre stdted. 

22. Scope anjd sequence charts are shown for the program. 
i* nl devel °Pment is outlined for the program. 
24. Psychology of the-learner is discussed in the context 

of the program. - . . 

II' J. r ^ ionale is Provided justifying the program. 
Zb. Field test results are included along with tips from 

such trials. 
27. Teacher^ in-service materials are available 
Z8. Out-of-elass suggestions are outlined for supplementing 

the program. r . 3 , 

29. Tips and/qr .materials for parental involvement o 

A l t6 J exa " ination of the rationales provided with the programs for 
this study, the somewhat ageless philosophical issue. of the balance 

Pr ° CeSS Seemed t0 emerge as si gni"cant.' The pr^ 
?h!7r P «°i J C Vl **, cate *> rized into three classifications based on 
their goal and rationale statements as follows: 



5 
4 

4' 

4. 
4 

3 

3- 

3 

3 
3 

2 
2 



9 

ERIC 



158 



157 



V 



'1.- Those that are factually oriented and defend that students must 
develop 'a background of ' information before they can understand 
a ; - science concepts or experiment on their own. These programs, are 

> s characterized by an encyclopedic student book, a vocabulary- 

oriented workbook, and a teacher's guide with the answers to the 
• many Factual questions in the student book and workbook. 

2. Those that attempt to "Walk the, line" and provide everything for 
everybody. These programs ^typically have an encyclopedic student 
*\ ^ * book (divided into many units, so that things can be omitted 
* easily) , , a separate laboratory guide , (usually just a pencil-and- •/. 
paper workbook), a separate book o.f optional exercises for the 
f m " "inquiry type" teacher io add to the program, and .a Teacher's Guide 

^ . x with the answers 'fil^ro in. ^ M y 

\ 3. Those programs that present science as an involving process and 
1 allow students 'to becojne involved - in tHeir own learning. The 

Te • t materials for programs of .this type often are, different in their 

J appear'ance (paperback versus hardback-, etc.), But - more 
significantly, thfey have student Exercises and prose woven together 
so that doing exercises is necessary if the program is going to 
make sense to the learner. This categorization, though perhaps a 
gross oversimplif roatiort, is nonetheless useful in discussing 
1 ] * • trends in goals and objectives as ptated«in the programs. 

The* first thing to note is that programp that can be classified in 
Category 2 are the* most popular in sales. This fact is perhaps no^ 
; ^surprising, since the obvious goal for these programs seems to be to 
, . / appeal to all- markets and philosophies. Teachers may not be risk ^takers 
(or may not feel that they are in a position to take risks), and pro-\ - 
^ grams in Category 2 are thus^luite appealiE^.. These program contain a 
t * 'little bit of everything, and the tfcafcher or supervisor can find what- 
9 ever is* needed when discussing the program with her or his constituency. \ 

If t^e^r clientele wants to hear about "basics" then • the .encyclopedic 
text can be displayed. If laboratory work is a concern, the supplemen- 
1 ^ary lab exercises can be dusted w off. If drill is of concern,' the 

» 0 sfeqdeht workbook can become dominant. On the surface at- ltfast, programs 
'„ «v * »f n this category look well "balanced*." That is why analysis**^ materiais 
alone can be deceptive. * The reai#_ pertinent question is: .What is the 
f balance that i£ Actually used in 'the classroom situation? These pro- 

jgrams make the ^exclusion of the studint activities very ea?y, and in 
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actual practice many ^Category 2 programs quickly become Category 1 
programs. * J 

The second trend worth noting ' from the goal sections of these 
. prbgrams isithat-the educational system^ obviously demands that the "new" 
programs' depend "themselves n and pr6ve they are better than the "old" 
programs . I This is evidenced the significantly more lengthy and 
defensive-squnding rationale and 4^>al statements in the newer programs. 
'The established programs have. very terse and short statements of their 
intents. THe rationale statement, i£ even 'present, is usually about two 
to three paragraphs in length. New programs,' on the' other hand, have 
five, to te/ pages 6f rationale and take great care in' defining goals, 
assumptions, and testing results. More established programs simply do 
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, not provide comparable information. From a quality poinf of *view the 
fTiZ P ??r, T m »?-»°™ ^oughtful in explaining, def ending, jus£ 
llJl^iJ . 1?in ! the tea ° her t0 im P lem ent the program. Perhaps, to 
Sno^T ' a " d ° fcher decision makers ' ^ey sound too defensive? 
iEEST 8 k" d ° npt Want 311 the e xplanation . -Perhaps there is no 
to&iZ nge ' What6Ver the rea§0nS ' fc he- newer, "ore thoughtfully 

justified programs are not as popular and are being rejected. . 

the niJfif^ l5?l ^ lative t0 tne 9° al statemenfs found in nearly all 
ScaSon JZ ^ h6aVy US ! ° f stateraents <* assumption without justi- 
fication and the heavy use- of current educational jargon.. Everv oroaram 

a d "as; t Teacn' S" 1 "', - «•? to teacn" 

h^™ ? u are cer 'tainly possibilities with an encyclopedic 

hardcover book, but modular and individualized seem.more difficult to 
7*, \ , SUCh J> ro 9 rams - Every program-claims- tor have a .conceptual. 



^„ , » « „ • — — ^ -^i.aiu Hiauendxa, especially evalu-i 

ation materials, do not match .this goal statement. ^Clearly, there is a 
working assumption on the part of authors and publishers Sat' teachers' 

SpS f6r en the a r° g h ram ' S g ° aiS With eaS6 ' th " e ^ kittle or no 

SSTrf £ ^ ^ tea f h !Li n ^° St pr ° gramS exce PK for ' a highlighted ver- 
°?< u student book. The -feeling one quickly develops is that 

iss ffor 8 f"fT f,° ^ ^ * ^ a " tand 'on ^ucati^al 
, issue, for fear of irritating a -potential purchaser. The result is 

of n :\atS n ale " king tea ° her material - "ith weak goals' a^Ut'tle 

1-h.i. f ° Urth item relati ve f \o the. goal statements" at this level is x 
that, as a group, these- statements clearly are out of date; TW is 
little recognition of recent trends in science education and the chances 
that occurred in elementary and secondary science during, the 60s an* 

found ear'lit I \\l ^ 9 ° alS that sound like ^"riS? 

found ear lie/ in the century. This may be a reflection of "the lack of 

comparable federal emphasis at this level.- The- programs seem clear^v 

students *J^V wi V° als in ^r this furtique populat ion of 

students and teachers. Instead, they convey a "watered down" version of 

Sre-S^JSS^^ of the 30s ' 40s ' and 50s - ™~ 

> Ke \ ne . 01 9 junior high school approach--aet i-hpm ^ro™wi pJ uj u 

SST 1 ^ ,the "^"'"O" tbff science ^education ^ th , ! S2 • 
school level has changed - since 1930. The goals of the middle school 
movement <disc„ssed elsewhere) and the research on the 10- to 15^eS 

In summary, the goal statements seem to be clearly out of sten 
go ng into the 1980s. There is little written in the goals about the 
nature of science, science as a process, science as,* a way of Tn i 
sc ence and its interaction wi th . n ciety^hat^oient^ts^r^Hke and- 
la ion' factual *fT' m* - ^ 8eeB t0 emphaSize vcctbXy a^umu- 

Jcience HJ/?^' eXP ° SUre t0 Ehe br ° ad object areas .of 
science, the rigors of science, that science is tough, and that scien- 

a member T thit ^ few can -PPreciati or hope to bec^e 

a member of. The few programs that deviate from these goal trends TaTe 

aollt y r market and are n0t threatening alteratives Jhe 

goals and objective statements in most programs at this level a e ou£- 
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tlated in many ways and shallow in^even more ways. .They are all i*n great 
need of review and revision in order to reflect the current nature and 
role of science in a 1980s society and to 'stop, the continued biased and 
outdated concept of science currently being cpnveyed by these 'programs. 

It is difficult $o quantify goal . statements, because every author 
or publisher adopts an individual format aftd components. A few 
examples, taken from all of the ana4yzed programs, mi$ht illustrate the 
diversity of views expressed and give some ' bas-i$ of understanding for 
some of 'the above perceptions^ * * < * 

♦ * 

In, reading the text, students should pay close attention to 
scientific principles^, . new . vopabulary v-terma^ . cause-and-eff ect 
% relationships, and example^ .and illustrations of scientific 
principles. * 



Placed throughout the text to aid the student are questions' in 
the margins, scientific vocabulary/ in -jeither boldface type or 
J italic type, and phonetic pronuhci^ioj^. - Questions* in the margins 
near the related text material-as^^' the studpnf by identifying 
the major pr inciples and' concepts, and - by serving as a guide foe 
reading and study. In assigning a section for study t you may>wish 
to .read these Questions to the class or haw students read them 
silently in order /to clarify the' nature apd purpose of thfe. assign- 
ment. Questions in th# ^margins -provide' .mofci^vfefcion as] well as 
opportunity fc£ 4 the stuelent^ to check his learning* as ^mroceeds 
through the assignment. Questions aad -problems a giv^ section 
make* excellent written assignments. Oral review* pf the '.quest ions, 
following each^assignment makes an excellent •sjirana'ry and helps Vou 
tjo identify points which may hrequ'i re additionaf^explanation. 

f * 
- Use the study questions*- at the end of the chapter for studfeht 
self-study, review, or testing. Correction of wrong answers to the 
study 'questions is an effective learning technique. 

Science investigations, which extend beyond the textboQk pre- 
sentations are provided at the end, of each chapter. These investi- 
gations encourage the able student to develop his knowledge and 
interest in science. Some investigations* are valuable as projects 
for science fairs. 

... • - ' 

Photographs and drawings help the student to visualize science 
principles and concepts snd shQw practical applications of science 
^principles. You may wish to review and analyze a photograph and 
^ts caption $s a means of introducing a new topic or stimulating 
class discussion. Graphs and tables. show how data is organized in 
•a meaningful way. . 

.lends itself to a variety of teaching methods — demonstra- 
tion, group- reading of text material, lecture, reporting on an 
experiment, \class discussiorV of a science current event, reViewing 
a homework assignment, viewing a film or . f ilmstrip. .Different 
methods serve to reinforce each other and, thereby, increase stu- 
dent achievement. 

T 

r ' S> 

\ 
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Most young people are naturally interested in. life science for 
every life depends upon the principles of biology. 

Students "will be able to list and define the steps involved in 
the scientific method. . 

Students will be able to list the four parts of an experiment; 
explain why experiments are conducted. 

5 When you try to find out if students have learned anything, 
you probably give some form of written test. This' might be a true- 
talse,. completion, matching, or , essay type examination. All of 
these forms of evaluation are important in determining whether or 
not students have achieved their objectives.-. * , 

...is designed for maximum flexibility in teaching. The text 
is divided into six units which are divided into 23 chapters. Each 
chapter is divided into numbered sections. The units organize the 
text into major areas of study; the chapters and sections subdivide 
the units into specific topics for study. • These divisions and 
subdivisions aid the student in locating specific topics and assist 
the teacher in arranging class and homework assignments, in addi- 
tion, these divisions and subdivisions provide for adaptation to 
individual classroom needs and make the text .particularly useful in 
situations where individualized instruction and flexible schedulinq 
are employed. . . , ,- 

/ — 

...is a readable, .enjoyable text. The reading level is low 
and the interest letel is high. • 

Diagnosing a student's abilities is another use of performance 
objectives. " 

First, it jpfesents all the major concepts of biology. Only 
ideas can striate interest in other ideas. At the same time, as 
its second mam feature, the book presents these concepts in the 
simples^, most , nontechnical manner possible. Language is kept 
simple and technical/ terminology is cut "to the bone. 

I€ is important that the teacher not fall into the habit of 
simply drilling for facts. He should emphasize ideas and'bioioqi- 
cal principles? wherever possible.* 

Any teacher/ who finds that his class is capable of handling 
more technical vocabulary can easily give 'his class more terms. He 
can also add /extra factual .detail whenever a class is able to 
absorb it. . • ' . 

Even though the students are relatively lacking in biological 
background, many of them will still be willing and able to progress 
Jx^ond the scope of the textbook itself. For these -students, the 
teacher can upgrade the course by giving fuller explanations and by 
introducing a more technical vocabulary. * 
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In the teaching of biology, just as ii\ any other sort of 
teaching, one is justified in giving tests to students: (1) as a 
means of encoutaging specific accomplishment; (2) as a means of 
informing studeQfcsr where there are deficiencies in their work; (3) 
as a means of letting the teacher know to what extent his teaching 
has been > a success or failure; and (4) as a means of determining 
the merit of each student in comparison with the merits of others 
in the class. 

Students possess a natural interest in heredity. This helps 
to offset the inherent difficulty of understanding some of its 
concepts. Considerable drill will be needed on' mitosis, meiosis, 
genes,* chromosomes, and diagram^ Avoid controversy on what is and 
what is not heredity in humans. Except in a few cas4^„ such as 
color blindness and* albinism, it is better to use plants or**animals 
as genetic examples. 

...aims primarily to give the student a valid understanding of 
the nature of science and of the way that knowledge in science has 
been accumulated. It arms him with skills and concepts that will 
help hifc interpret the natural phenomena and technology that con- 
front him. Preparing the student for future science courses or for 
y a specific vocation are secondary to these more general goals. 

...materials have been designed to allow the rate of instruc- 
tion and the scope and sequence of content' to vary with the* indi- 
vidual student background interest and ability. The project 
developers feel that the inability to provide this is the greatest 
deficiency in present-day education. 

The activities the students "are doing are mostly thing- 
centered. .. .program calls - for* students to handle objects, to 
observe "naturaT phenomena, and to try to explain what they have 
seen. To the degree possible, "reading about" has been reduced in 
favor of "doing," 



Teaching-arid-Learning Styles ~ ; 

4 

The teaching-and-learning styles found in the programs can be 
classified into two basic groups* • * 

• > * j 

1. Those in which student , activities are basically the program, and 
without their completion the reading* materials in the'program make 
little or no sense. 

2. Those in .which student activities can- easily be^ separated from 
student reading materials' or are packaged in a separate student 
book. j x 

Only^two of the twelve programs are of the first type. These programs 
-require e^quiprtent management arid* a teaching philosophy built around the 
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concept that the learner is going to share in the responsibility for 
learning along with the teacher. The teacher must assume the role of a 
counselor, co-learner, and thought-provoker . The teacher role shifts 
from the traditional dispenser of knowledge to one that allows a more 
personalized and individualized approach to development and learning. 
The management of equipment, a noisier classroom, an atmosphere of 
doing, and individualized evaluation become the concerns of teachers 
in programs of this type, students are involved in a -hands on" kind of 
science. The net result is less content coverage for the benefits that 
accrue from this student involvement approach. ' 

On the. other hand, the majority of programs (ten of twelve) can be 
characterized as teacher directed: The teaching-and-learning styles are 
in sharp contrast with the atudent activity-oriented programs in the 
sense that -all students are doing A>as£call y the same thing, at. th e fl „ m p 
time, at the direction of the* teac&eTT^eacher lectures, class discus- 
sion, recitation sessions, and teacher-directed activities characterize 
classrooms using these program mater i-als. The same program materials 
may be used in very different ways in different classroom* The vari- 
able contributing most to this variation is the decision on how, or 
whether, to use the student activities included with the program. Some 
of the programs (about half) provide more suggested activities than 
could reasonably be done in a school, year. The others clearly deemoha- 
•size classroom activities involving experimentation by providing few 
activities . or few specific directions to conduct the activity. The 
final decision • concerning the number of activities used with these 
programs is left to the teachers, what teaching style, what, philosophy, 
what learning style is ■ centered around their use is likewise highly 
teacher dependent. f . 

One can imagine -nearly all of the programs in the hands of a 
dynamic .teacher as being very workable, with students receiving a very 
good, science program. But the general unwritten message in the majority 
of these programs is-read, write answers to questions, memorize vocab- 
ulary lists, get ready for the tests on Friday, and science is boring 
and very serous work. Though the materials in total have the poten- 
tially balanced" look, they are packaged and structured to allow- the 
easy unbalancing" of the program. The encyclopedic text that accom- 
panies each of these programs quickly gives the student and. teacher the ' 
feeling that "covering" science is much more important than "uncovering" 
science. The teaching style thaf is communicated in subtle ways is a 
lecture-test-lecture system,., a system that can be, deadly for adolescent 
students. • + » 

The "real" teaching-and-learning style of a program \s probably 
communicated most clearly in the program's evaluation materials." The 
evaluation materials for the nonstudent, activity-oriented materials are 
highly vocabulary oriented with little or no process , orientation. 
Students quickly learn from the evaluation scheme what the important 
learning style of a program should be. «A more detailed description -of 
the evaluation materials follows later in this section. 

The two quick sample surveys that follow illustrate in "a small way 
the nature of the two teaching-and-learning .styles found in these pro- 
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gram materials. The flavor of each *tyfce is only partially capturecNby 
the two analyses. ~ 4* 



"You's" and "Your's" 



The style of writing inVprograms can be characterized and" described 
ifi many coding systems. Th? purpose here is not to code the materials 
in an elaborate scheme but rather to ill-ustrate the "'flavor" differences 
in, the tWo kinds of programs. The -programs in each type '(actiyity- 
oriented versus text-oriented) are very homogeneous within their subset. 
Thus, only one of each type, was analyzed as representing the entire 
^roup of materials, h' 1% sample of the pages in each program >jas com- 
pleted aa il lustrate d- rhrTafrhr-fr; — Irrttn^^tngly^ 

similar in length, and a 1% sample resulted in the same number of pages' 
analyzed. Very simply, the; number of "you's" and "your's" were tallied 
for each pf the evenly-spaced five pages in each set of materials (first 
page, halfway in first half.,, middle page, halfway in second' half, last 
page). T^ie results foiled: 

Table 5. Analysis of "You's" arid "Your.'s" in Two Science Programs 



' PROGRAM 1 (FOES) * ' , 
(TEXT-ORIEfiT.ED) 
503' PAGES 


PROGRAM 2 (ISCS) - • • 
(ACTIVITY-ORIENTEp) * 

552 PAGES , " . ^ 


4 

Page 


• * 
Number of 
"you's" and 
"your's" 


Page 


Number (qf 
"you's"Uidx 
/'your's"""^ 


1(3)* 

125 

251 

376 

503 


0 
0 
3 

0 ' , 
3 


1 

, 138 
276(5) 
414 

552 . • 


• 11 
7 
7 
3 


Total 


6; 


Total : 


36' 


Average per page . 1.2 


Average -per page , 7.2 ■ 


^Numbers in parentheses show substitute pages 

• used if a blank page resulted. . 
* j 1 - — ^ 1 



The number of "you's" and "your's" found on the page& in these twej 
programs is significantly different^ Although this analysis is, hardly 
conclusive nQr if it indicative of many mother charateristlcs programs 
can possess/ it does illustrate the "flavor" displayed by" the/ two- 
programs.. Program 2 is talking to the' students on a personal basis with 
theobvioas implication that /it is their program. ^Program 1 is very* 
impetsonal and is concerned with ^giving' information to students in a 
formal^way without any; per§6nal involvement or reflection required* 
This drffer^pice' in style verifies the goals and objectives described by 
the 'program developers. The goal statements for Program 2 reflect 
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personal and process orientation for the student, while Program 1 goals 
,are much more .oriented toward the information nature of science? * 



Questions 



. Another, analysis was done on* the same pages of the same Awo"oi- 0 ' 
'EStoS* analySiS inV ° 1Ved ^™ the ^ auesX riln^ 

< — arable 6.- Ouestion Wi r 



> . ' PROC 
( TES 


5RAM.1 (FOES) * »• 

fomented) ' , \, 


PROGRAM -2 (ISCS) 
. • (ACTIVITY-T)RIENTED) 


Page , 


„ Number oT 
Question Marks 


Page 


<* Number of 
Questions Marks 


1(3) 

125 

251 

, .376 

. 503 ' v « 

Total 


4 • ." ■ 
3 

"4 ■ 
.1 

>' 4 
• >16 

* 


1 

138 

276(5) . 
• 414 

'552 

TotaJ 


'V 

1 , 

. o ' J 

• 4 • 
5 
3 

' " . 13 


Average per page 3.2 


' Average per«pa( 


je 2,6 



there fs not a significant difference in the total use of Questions a 

:Scted d S th use ana to ySiS * ^ ^ °f " inf OrmatioV ^^1" is 
SSfrf'SL answe 5- the ^cific auestion .does reveal another 

• gor W bai^a 6 ^ r !n ^ ' he/ tW ° pr ° g " ms - ' Each guestion was cat - 
Tl^r^^™ 1 ™* SOUrCeS ^ f Nation.. Table V^ows 

Student Sources, of Information for Answering. Questions in Two 



Table 7. 



A. Reading- recall r 


3 **• * 

PROGRAM "l (FOES) 
(TEXT^ORIENTED) 


PROGRAM 2 (ISCS) 
(ACTIVITY-ORIENTED) 


' 12/16 = 75% 


0/13 -= 0% ' 


Rv ObservationOwithin 
experimental work 


, o/ie ■ 0% , 

< 


5/13 = 38% * . • 

r . • • • 


~ ^ ' ; — *~ 

C. -Inference f-fom *• • 

■ * experimental work , 


. o/i6 = 0%. ;* 


, 7/13* - 54% 


Tl 3 • ; — 

D. Rhetorical question 


' 4/16 = 25% _ 





looks ai- ♦•»,.»-. * V • - — - *"^«-««w oeciiis to D e very clear , when one 
a^ i ^^ the U ! e '° f ^ estion 5. Program- 1 uses question* 
IL fl t< €or /i adin 9 comprehension and 'factual recall. T he nature of- 
the .teaching-arfAearning styles W , seems " quite blear, ^ prc^r 
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likewise reveals Its' true nature by this simple 'questions analysis. 
Questions iri this program a?e used to guide student's experimental work 
^d ' to fprcro. to determine levels of understanding fjom such work.- The 
teachin^-and^-learning style seems equally revealed arnd Verified for b<$th 
program types by these simple tallying analyses. - 



.Evaluation Device^ 



' . Ftf>m a student's point of* view, tine,! 1 real" program in any course is- 
the one tfejareser^ed * £y the materials 'th^ teacher ^uses to evaluate thent. 
Students (Juickiy decode courses. They get . right to th6 Core pf-'Jhe' 
course (evaluation) and proceed ( to 4 study acpordingly. ;Jeach.ers can 
sAte' a variety of goals, for tl^eir jaourse^ (such a§ "Make * students 
think 1 *); but if their evaluation materials are not consistent with the 
staged goals,* students will focus -only x>n those* that are, actually used. 
Table Jl shows the evaluation' components found in the analyzed programs. 
Following v is= a discussion' . of % the nature "of -some of. the various 
components r , *^ " * ■ , * / % / 

V * « .«*.■ * 3 • - • ,l?,> 

Table 8.- ^vat^tion Components Found in Nine- Commonly- Used .* * ( 

Science * programs 



COMPONENT . 

1. Study questions at end of .chapters or units 
** 2. (Written chapter or -unit tests 

°' 3. Self study check lists- 
> 4. Discussion, on evaluating plass work , 

5. Additional reading* suggestions 

6. ^Vocabu1'ahy lisj:s for students 
f Z. Tests" basically of factual -recall type. 

8. Ditto' masters for. tests, provided 
9% Written exams for^xjours'e available ? } 
w 10. Tests >b'astcaT.ly a mixtlire'of recall and process items 

11. Contains^ <philosty>'hy of evaluation section 7 • • 

12. Contains suggestions for sjtudent notebooks or^recdrdr, 
books- \ ' 

13. Laboratory 'practical exam suggestions 

14. Tests basically process or "thinking "type questions 

s 15. Suggested grading schemes using the evaluation material's 



PROGRAMS 
CONTAINING' 
'COMPONENT' 



- 1 



9 

8> 

7 

1 

6 

5 

5 

4 

3 

3 

'3 

3 

i 

0 
0 
0 



• v • .v . r . .... 

' Froih the developer- * s or publisher's point of vidw, it seems impor- 
tant to prbvide evaluation ^materials for teacherr use. It looks as 
though regular evaluations are judged to, be important, since all nine 
programs-^contained study questions £t the enH of each chapter or qpit, 
land eight provided actifal tests for chapters and units. None of the 



v, 



167 



166 



programs told "teachers how to use the mater ials, to grade or how to give 
lab practicals or ? thinking" type tests, and only three suggested how to 
view evaluation, philosophfcally in their courses. The fact that seven 
of the -nine included additional reading . lists for students seems- to 

3Ef p 3 '' ^J* 0 "*** book Prided with each program is not enough 
reading for students in science ^during the course. 

1 P ! rhaps - ^ he most significant point worth noting with respect to 
«. evaluation materials is that they are consistent with the goals and 
-objectives communicated with the program's materials. Those programs 

that are information-oriented have information-oriented- evaluation 
iSJSi! a Th6s ^ P{ 0 9 rams & at st ^te am interest An the processes of 
^cience and *n thinking scientifically have-, evaluation materials with 

.thosj toc V Thete seems .to be a definite lack 'of evaluation materials 

of the non T pencil-and-paper type. Thf appeal in all programs' is to -have 

m f^ lalS that af * eaSy f ° r ' teacl > ers to sco ^-- Within this 
constraint, however , -th*fang* of foci of evaluation items is quite wide 

£ «fK PreSent i S 9f Sa . me dichoto ^es found in the" programs as described 
*i_ ether parts of this report. .The following sets of four questions, 
taken from two 'typical" chapter, tests, illustrate the focus of each^of 
these programs as well as the distinct difference in the philosophy of 
evaluation. Notice Program 1's obvious focus on vocabulary and recall 
of factual, information. Programs 2's questions are clearly more 

9 ^V P J : f* 9k -^,f d C ^ U Up ° n ' Stude . nt Wience, developmental level, 
and thinking ability to answer. , just as program materials offer a 

tlilltl ? /?k- CM f C teaChlng St * les ' so do the evaluation" Materials 
available for the various programs. . < >^ ' 



Program 1 ( FOES ) 

* i-c 



According to most astronomers' interpretations of. the red shift, 
which of the following is the most distant from earth? / 

a. pulsars c . galaxies / . ' 

b. cepheids a. _ quasars \ 



2. Name t£e three (types of galaxies, 

3. What is*the Big 'pang' theory? \ \ » 



The direction of star movement iSf<jeterjiined by a(n) 

This instrument records the change,-, or 'the in~ the 

visible , spectrum of a group, of stars afe they move away 'from' the 
earth. , Distances to stars and other celestial bodies outside the 
«olar .system are measured in units called ' 
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Program 2 (iscsf • * 

1. How many washers would have to be placed on hook B to balance 2 
washers on hook A? „ # , 



15 



2 washers 



27 



1 1 nil i.j 




I I I I I I I I I I I I I I I I I 


n 


1 1 






■ A 







? ? washers 



The following information and table are to be used to answer questions *2 
and 3. Darrell does ap experiment ' involving several ballp he bought at 
the dime store.. The data collected from the experiment are gfven in the 
table shown below. , * 4 



Kind of Ball 




Height 
Dropped From 



Height 
of Bounce 



2-inqh sSy rubber ball 
2-inch hollRw^ rubber ball 
2-inch clay ball 
2- inch steel ball 
27inch glass ball 
2-inch plastic ball 



10 
* 9 
B 
7 
6 
5 



feet 
feet 
feet 
<£ eet 
feet 
feet 



feet 
fee't 
foot 
feet 
feet 
fee,t 



Which of the following variables did Darrell keep constant? 

a. The material from 4 which the balls Were made 

b. *The height that each ball bounced 
o. i The diameter of the balls 

4. The height from which each ball was dropped 



Which 



Darrell made several mistakes in setting up his Experiment 
pf the following was his most serious mistake? 

a. There were no variables in the- experiments. 

b. There were too many uncdntrolled^vari^bles. 

c. He should not have tried thq experiment because 
practical information could be gotten ffom it. 

d. Darrell did not make measurement^ * that were careful 
enough. . < * • ' 
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in:' which circuit would the voltmeter (V) reading be the highest? 

a. Circuit A ' . 5 

b. Circuit v B 
c Circuit C 

d. The reading would be the same in all three circuits. 

'4.. ' . ' 





CHAPTER 3 

r < * 

■ "* • 

/; ALTERNATIVE^ PROGRAMS . . 

Career Emphasis 

Dr. Trudy Banta in her x article "Career* Education: How Do Your 
Science Texts Stack Up?" (3) .suggests a framework for analyzing texts, 
as well as a fram^wprk fbr a reasonable career education component in a 
science program^ ^vDr. Banta ^writes: 

• Career education. should not be a *"somet£i!ie thing"; instead it 
should be an ♦ instructional * strategy that can be used tvy every 
.teacher, in every* course, at*every grade level. rts goals should 
be to help each student: better understand self in relation to the 
4*orld of wdrks* acquire and use occupational 1 information to makg^an 
informed can^r choice; and* prepare for a chosen career before 
* leaving .school. 

Career education id not a new subject to be added to an m 
already crowded curriculum. Rather, it is a way of using career- 
related examples to teach traditional .academic content. Career . 
education^ can have two pr|pary emphases: • . 

* * * • * *» 

1. ■ Career development , which helps stuflents understand' 
' themselves; become *aware ,6f their own values, -interests* and abili- 
ties;- and learn how these .qualities function fcs strengths or 
limitations in .their pursuit of life: rol^s; anj3 . 

2. Career preparation s which 'relates subject matter to the 
way* students can apply it in^their life rples as family members, 
citizens, workers, and participants » in JLeisur'e-time activities. 

JSpecifically, texts which provide^ learning • ej^perience in 
^ • career development should do at least- some of the following: 

, o Help students to explore their own 'i'nt^reSts, attitudes, 
v_ . . values \ and abilities , m 4 % 

o \ Pxomcfte students* skill in making . decisions that are person- 
6 ally relevant 

o Discuss worker characteristics (interests, Aptitudes, 
abilities) m needed- for successful participation in a given 
* ' *, ' occupatjdn" " - ' ^ % ' 
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Discuss science-related occupations (how different kinds of 
work are performed) 



A science text which provides learning -experiences in career 
preparation should do one or .both of the following: ~ ; ' 

, ,o Discuss the academic preparati^k or specialized training 
needed for a specific science-related occupation 
- o Suggest ways in which science concepts may be applied in one 
or more pf the students life roles - 

* Dr.^Banta's checklist was used to analyze .&he ten programs in this 
study. However, it was not to compare., programs, as described by Dr. 
Banta. Instead, the checklist was used as a tallying device to analyze 
the. status of career^ education in all the' programs as a group. 

Table 9. Checklist for Evaluating Career Education Content of 

Science Texts 





PRESENT 


Present 


VERY 
EFFECTIVELY 
PRESENTED , 


'1. Exploration of- students' own 
interests, values, abilities 


10 


0 


'" ' 0 


2. Promotion of decision-making 
skills 


, 10 - 


0 


0 


3. Discussion of worker character- 
istics (interests, abilities, 
etc.) needed in a given 
,'occupation . . 


9 


i 

♦ 


o 


4. General jJiscu's'si on .of. science- 
delated occupations" (how the 
' ' s wprk ts.;beigg dojie) 


7 


3 


0 


5. 'Discussion of academic prepa- 
ration or, specialized training - • 
' needed for work in a v given* ■ 
"sfcience-related\ field 


9 . 


1 

•> 

* 


, 0 


6. Suggestions for applying 
. 'science concepts in one or 
more life roles 


6 . 


4 


0 



^hiA 9 " ati ° n ° f the rei5ults tallied in the checklist in 

Iritii .? Car f er em P nasis in stude nt materials is nearly void 

4* * hlS „ 1 ^ el - ? ne coald - d ^ate the nature of what good*career educa- 

«2r*5?^ i ^V°~ t0 ^ ar -" oWs '' but examination of these 
21 th T Career education in;.any form is. nearly nonexist- 

£'-J? fOC " S ;. that does exist in a f ew of the programs consists 'of a* 
onj-page special section concerning people and their careers. These' 



• .... •} . 

♦ • « . o * - • 

* " * w v 

special* one-pagers are, for. the mbst part/ very well done, with jphoqfc- 
graphs with special-interest yH ting stylfes replacing * the textbcfck 
style. They are not integrated Into the /text ^material, the student • 
activities, or any other part of the program! ' They ar6~ rather cosmetic 
and are inserted into the books as a t£e career somewhat^ reasonably', 
relates to the content of the chapter. How* that content relates to the 4 
career, how the interests of the people* relate to th^ content, and .tfhat 
the 'qualifications or requirements are for ttie^ob are basically miss- 
ing. More than half of the programs totally void pf any career- or. 
job-related components. # , * 



Science, Society, "and. Technology 



, .Materials' relating to science^ society, and technology were ana- 
lyzed* together* due to the overlapping oi various topics. The results of 
the analysis are obvious 'and irrefutable. The * interpretations or con- 
clusidns to be drswn from the resulfcsy- however, can be, varied and 
debated. Some will argue that £he lack : o£ materials ' on * the science/ 
society/technology trio for 10- to ,15-year-olds is a .good thing. Others 
will argue that this \s a bad situation. The -idea that different people 
can look at tjje same data an3 come to different conclusions' is ^exactly 
the concept that is missing frojn the program materials, whether they 
deal with societal issues* or not. * . % 

4 ^ 

k 

Programs that deal with issues of the .relationships among science, 
society, and technology and truly examine the> issues by definition must 

*be interdisciplinary* in rjature. No sciencey-society/technology is^ue can 
be addressed effectively with informaticjn from just one 'discipline. 
Since all of the analyzed programs are clearly not interdisciplinary 
one could quickly infer that the programs do not deal with science/ 

• society/ technology issued to any great extent. This is exactly* the 
state of science/society/ technology issues in the examined programs. 
The programs are clearly hard core science programs.' 'Some are fact- 
oriented and * some are proqess-or tented, tijut' 'no '.matter what the pedogogi- 
cal focus they are about science and little else. The image they create 
is fairly clear^-scierice. operates insularted from society and has little 
interest in things outside the walls of the laboratory". 



tfhe publishers or authors certainly did not purposefully set^oi*t-td 
create such ' an image. *It just seemed to happen when other conce^ns^ 
apparently assumed ^priority. None of the programs makes reference to 
legislation for 4 research; 1 * where funding for scientists comes from; who 
votes on science issues) or the roles of government, private' industry, 
v and universities ip ttte scientific enterprise. . The list of issues *no't v 
'mentioned or even hinted at'Tin all the programs "could be very^long, 
much longer than the list v of specific topics briefly mentioned in some 
of the programs. ' v ' * * • \ 



' The discussiof) of a specific, noncontroversial technology i§ apparf 
ently judged to be mucri more possible than any inclusions that wou^d be 
viewed, as having societal, implications. ■ * the list of included specific 
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technologies is much longer than the list of included societal issues* 
Explanations of how these technologies developed or how they relate to\ 
scientific research, however, are nonexistent. 6* < 

In the programs that contained any topics in these areas,* the 
format for treatment is almost standard. Most of the topics are treated 
,as one-page special inserts»ln the books. There is no attempt to inte- 
grate the topic or issue with the rest of. the text material. The other 
standard way to treat these topics is via photographs and their cap- 
tions. These likewise are usually inserts, and there is little 
integration with the other "text material. (Maybe students only look at 
design^ Ca ? tions " and therefore, this is a good 



are 
11 



Perhaps the most noteworthy point to make is that there ar 
virtually no opportunities provided for students to become "involved- 
intellectually or otherwise with science/society or science/technology 

Hon eS wiJ no S 1 ? £ reSent discussed Actual informa- 

tion, with no hints that there may be controversy or. different interpre- 

' 1 * information - °ne of two images is clearly created 

* ' from the materials: % * 

- 1- Science will solve all of our problems - - 

2. Science has no relationship with the problem (s) 

.Unless the teacherjprovides what the materials do, not, students in these 
Programs, will be sheltered from the myriad of issues' surrounding 
science/society/technology issues. It is debatable ^how much a 10- So 
SSI* L * * d6al With controversy, politics, and global 

' • £?2L There ^° re ' lfc is much sa ' fer *>r the author or publisher to 

include none. One could likewise^ however, argue that information about 

• f^wSJ*^ ^ a i thS l6af eqUaUV ina PP r opriate for a 10- to 

. , . 15-year-old and eliminate- it "from the' program, also. ' A • 

\u ^L^.* 1 mng - fc ° n ° te in the * 5 r °g«ros examined is that, even 
^ though the list of .mentioned topics looks long in this science/ technol- 
ogy area, the treatments are inconsequential in the balance of the Whole 
, programs. when a topic i„ this area is included .in the materials, it 
usually looks exactly like what it .is-an insertion in one of the later 
editions of the program to make it. look modern and, up to date. The 
. result, however, is" a patchwork-looking - job arid* a -program with little 
integration or logic. The science/society/technology topics may be in' 
one-pjge inserts throughout the book, or a. last chapter (or more) may be 
tac^d onto an earlier edition of the book with a chapter 9 r unit title 
trying to capture^an application or integration, theme. 

. . , Typical slience/society topics found in -half "or more -of the pro-. 

grams included: drugs; thermal pollution; water pollution; air pollu- 
• an* LSr tiC if eS; treatment; energy alternatives; "nuclear energy; 

• !nt ?" of - wildlife r. Crests, soil, and water. Other topics 

that appeared in only one. or two programs included: food additives and 
preservatives, sanitation and health, endangered species, genetic cou*- 
. seling, human genetic diseases,; deafch,. old age, mineral ' supplies, ' 
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farm ing and food supply, recycling, population pressures, earthquakes, 
acid rain, national parks, wildlife refuges, and sea farming. 

Spience/technology topics that occurred in half or „ more of the 
programs included: automobile erigines, nucleate power generation, 
weather detection equipment, disease prevention and control, satellites, 
lasers, and space travel. Topics that appeared basically only once 
.among the ten programs included: electric generators, food preserva- 
tion, ocean-exploring vessels, selective breeding, .. telephone, radio 
waves, rockets, life detectors, artificial organs, chemotherapy, atomic 
bomb, electric motors, gasoline refinement, poLymer chemistry, cryogen- 
ics, telescopes, ^ vacuum tubes,, rectifiers, transistors, CRT's, digital 
computer, analog computer, X* rays, cyclotron, sblar cells, ultrasonic 
devices, electric cars, prosthetic .devices, amniocentesis, interferon, 
infrared photography, and microwave cooking. __ ' * 

In summary, if o*ur society currently . has aky* 6 p r bblems or concerns 
#to which science and 'technology can contribute in meaningful ways, it is * 
not reflected in the science materials currently used in our middle and 
junior 'high schools* except in only peripheral ways, 4 What is coramunica-, 
ted by the materials is fhat science is~ S"body of factual "Information 
and interesting things, t<3 do in the laboratory, with apparently little 
or no relationship to our everyday lives and problems. . t 



Student Activities 



What students do during the planned, activities of a class period is 
probably the only thing that ireaily matters in terms of what impact the 
course Vill have* on the students,.' Goals, objectives c emphases, foci, 
and other things written abput the course are not the course from the 
students' point of view. . The only thing^tRat matters to students is 
what they do and learn in the course that JLn their view is < personally < 
valuable. Thus, the' analysis of student activities within a program is 
probably more important than any other analysis that could be done. It 
might also be the most difficult to do based oh the materials alone.^ 
Given the same materials, two students might do. two, completely different 
things. Thus, 'assumptions need to be made about activities when they 
are analyzed. It must be assumed that they are done as" described by the 
author or publisher, in the appropriate sequence, and that students 
actually have the oppQrtunity to do the activity. as written. * 

In order to analyze student activities, five programs (one each of 
life, physical, earjth, general, and thematic science) were selected from 
the twelve programs and the student activities were coded using the 
activity coding scheme previously developed by Robinson and his col- 
leagues (4) . The coding scheme has four major area$ of focus: major 
activity focus/ type of knowledge, content, and what students do. The 
conventions and definitions required for this coding scheme are briefly 1 
described below with a detailed description in Appendix B (page 198)-. 
Only a sample of activities were coded from each of the five programs. 
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Every fifth activity was coded for a 20% sample of the activities pro- 
" vided with each program. , . - 

\ 

Coding Scheme Brief 



A. Major Activity Focus • 

All coding of * activities will be done in terms of the literal 
content of the totality of 'materials the student uses in the conduct of 
the- activity. Activities may include only one major focus, all three 
foci, or various combinations of them. The ma jor* foci are: m* 

Craftsmanship-* \ A ma i or P ar t of the activity is craftsmanship, ' 
construction-, building. Craftsmanship is part of an 'activity where \ 
students put things together, build apparatus, or otherwise* assemble 
parts that could have bee.n already assembled. The student cannot com-" 
plete the activity satisfactorily without construction. Construction 
„ may be the product, or it may be a means to the end. Craftsmanship 
subsumes, but. is more comprehensive thatf," ' the psychomotor domain 
described by Bloom and others (5). 

Affect. A major part*of the activity is affect. It calls upon 
the student to develop empathy, to reflect on . how objects or events ' 
affect others, .to be sensitive to other feelings, to examine one's own 
feelings about some object or event. Or a ma jor^ part, of ' the activity is 
an appeal to emotions or feelings rather than, or in addition to, acqui-' 
sition of new knowledge or presentations of information. ■ Aesthetic 
outcomes, appreciating form, design, keauty, etc., are further examples 
of an affective focus. Affect is synonymous 'with domain as described by 
Krathwohl and h£s colleagues (6) . ' 

Cognition . A major focus of the activity is knowledge. Knowl- ■ 
edge acquisition may "involve reasoning or it may be remembering, either 
exactly, as presented, or with re-presentation, but without reasoning or 
performing cognitive operations. Cognition, as described here, is 
classified by Piagetian types of knowledge rather than the taxonomy, 
developed by Bloom and others -(5) . . 

B. Types of Knowledge ) . r . 

\ Any activity may. require, some knowledge acquisition, even thbugh 
its central focus may be craftsmanship or affect. The criterion used In 
deciding the singlTe code for this category is to determine a single 
>ighest level predominant type of knowledge acquisition that a student 
must use if the activity. is to be understood as the writers of. the 
activity intended. If a sin^U problem or small part of an activity 
requires a. high -level of knowleg| acquisition, it should not be used in 
coding. The knowledge type/mi«be predominant, . not unique. If two 
knowledge types are equally/^reJ^ant, the higher type (defined by the 
higher number in the codl^valTH will be coded. Each activity will 
be assigned a single "type of knowledge" code. The code will reflect 




the predominant logical requirement of the activity.' The above con- 
vention will.be violated when a higher knowledge type is required^ to get 
the "gist" of the activity, even thotigh a lower type is predominant. In ^ 
this instance, the' higher \type is recorded. , 

f / - 

The first determination will be to dichotomize the general knowl- 
edge type, £hat is* determine if the .knowledge acquisition is essen- v 
tially figurative or operative . * If, it i£ figurative-, . the task ends 
and the code of figurative knowledge is applied.- If * operative knowl- 
edge is. required, w£ **ill want to code the kind of operative knowledge. 
a£ precisely ss pospjLble.^ * 

>> ^ ^ 

» Figurative knowledge is knowledge that has not f resulted jErom 

reasoning. It depends on recognition of the con figur at tipa* of the stimu- 
lus. Figurative^ 1 knowledges/emphasizes forms of representation: * deferred 
imitatipn, symbolic play,, drawing, mental imagery, language, ahd, memory, 
especially rote memory.- \ 
( 

Passive "reading" of data without having to mentally act op, reason ' - 
•"about, or transform it is a good example of 1 figurative knowledge acqui- 
sition. When students 9 are asked "What did& you see?" or when, they are 
asked to describe or consider static states of objects at f some point in 
time, figurative knowlege acquisition is the/ requirement. 

.When the emphasis- is' on symbolically representing information . 
without* requiring any logical transformation,* figurative .knowledge is ' 
being attained. In figurative 'knowledge, emphasis is on representation 
without consideration of the necessary T-ogical relation between the 
knowledge represented^ and the representation itself;, for ekample, wards 
become an end in themselves and not a means to an end. Further exam- 
ple§ are: askfng for an accurate "reading*, of the situation Without 
^asking for afl* understanding of what was "read," or the ^ptivity is, 
developed in asuch a way that .the student can easily go through, the 
activity without reasoning. 

Figurative knowledge includes all preoperational knowledge'. The 
preoperational child tends to take the immediate appearance of things as 
the sole and* ultimate reality. 'A single, isolated cognition with little 
I or no potential is the hallmark of the preoperational child. When we 
X - ask* for an isolated cognition without comparison or referent to other 

cognitions, .we are asking for figurative knowledge. 

Operative knowledge ia knowledge tl\at results frois, reasoning. In 
. general, operations consider how things have changed from wh^t they were 

; to what they are now or how thihgs might change. 'Operations ask for an 
inference, an induction, or a deduction. It* is 'a 'representational act 
that is an integral part of an organized network of ^related acts. 
I * Cognitive operations are a holistic domain, presupposing a, structured 

v system that includes other related operations, "fqr the moment latent 

and inactive but .always potentially actualizable by themselves and, 
above all, always a force 'governing the form and character of the opera- 
tion which is 'momentarily on stage." (Please see Appendix A for the 
details of the. logic in the subpategories under the operative category.) 
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* C. Cofttent c£ the Activity 6 

\ Activities w?re to be categorized according to the following con- 
tent categories: 

Life sciences. The content 6r process {es) 'used is (are) derived 
from or directly related to one of the. Subdisciplines of the biological, 
medical, or 'health science^. 

Physical sciences. The content/ or process (es) used is (are) 
derived from or directly related to one of the subdisciplines of 
physics, chemistry,, engineering, or materials science. 

Earth sciences. The content *or process (es) used is (are) derived 
from or directly related to one -of the subdisciplines of geology;' 
oceanography, ^atronomy, paleontology, astronomy, or meteorology. 

* ' 

Behavioral sciences . The content or process (es)* used is (are) 
derived fjrom or directly related to one of the sciences that deals with 



* — ~™ m*- lauiciiuco nid l aedis witn 

.. human action and arrives at the establishment of generalizations of 5 
human behavior in, society, that is, psychology, sociology, anthropology, 
archeology. •■ . r 

. Social science. The content or process (es) used is (are) derived 
from- or directly related to ope of the sciences that deal with .the . 
institutions and functioning of human society and with the interpersonal 
relationships of individuals as members of society, that is, economics,* 
political science, geography. 

^Humanities.- The content or process (es) used is (are) derived from 

• °.., are > directl y related to history, languages, literature, and 
philosophy. . • 

Fine arts. The conteat or process (es) used, is (are) derived from 
or are directly related to subjects ' for which aesthetic purposes are 
primary or uppermost, such as painting, sculpture, drawing, architec- 
ture, music, ceramics, dance, drama, or landscape architecture. 

Mathematics. • The content or process (es) used is (ate) * 
mathematical. ' . - 

gther. The content or process (es) used does (do) not fall into 
one of the above categories. , * 

v * 
D. What Students Do in the Activity' . * ' % 

This category' is used to code the central -doing- that students 
engaged in as they used the activity. An activity may have more than 
s one "doing." 



Appreciating. A noncognitive act of positive awareness or posi- 
tive recognition of some object or event. 

' 4 ■ 
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Cai*culatlng/cpmputing/graphing. A single category in which one 
or more of these operations is central to the conduct of^the activity. 

Constructing. The student must build, put tog the r, or in some 
other way' construct something in order to carry out the, intent of^he 
activity. ' \ 

* Creating. * The preparation; of something., novel, when the student* 
is. asked* to produce a noydl product and is not givenr criteria .for 
judging wrfethei; the product is the "right" one*. * » | 

* • \ ' » * * 1 • 

Deciding, Includes decision making, coming to a) choice among 
alternatives\for a coyrse. of action, % Jind* arriving' at atfconcensus by a 
groupl A decision usually implies action or potential action. 

T " % ' * \ . * 

^Experimenting. The. ^tudent musV gather data systematically under 
specified conditions. Var*t^)Ies c or cpntrols need not be specified. It 
differs from ^ information cfetfyering /below) in being systematic* and 
controlled." ' v / 

\ . '* . 1 • \ 

* Iirteryi'ew'iWg. Conddc^ing one or more interviews is aji 



* iWg . 

% essential *part or the activit^- x w • *^ 

}'*»', * * 

Listening^watching. Wh^n the.st 4 udent uses a sound-slide program, 
sound filmstrip, i^jc sound film. \ £ • ^ 

" • *'i ' • # " '° • • 

Nurturing. When • students are caring for plants and/or animals' 
over a period of days or weeks, whefcp. nurturance is an essential cbmpo- 
nent of successfully meeting the ^cti^itjr-foctfk. • b ^ 

' Reading. N 'When 'the^ s£uden.t must ,re^ a- BfooJ^let or book integral 
to the activity Jin order' to dp the activity successfriil'ly. *• , V > 

Listening. When the activity depends op the student list^ning^ to 
a tape recording, record, stethoscope*^ or other sound device^ . 

Valuing. Includes the decision th&t A" is of more worth oj; impor- 
tance than B. It is comparative' and mor^ than two alternatives may be 
coijpared. The outcome of the comparison must result in a higher value 
on one jof^the alternatives. * M 

/ Watching/viewing. Includes the use of % silent films, film loops, 
flat pictures, overhead transparencies, slides,, f ilmstrips with no 
sound, Vail charts, and posters. * tts ^ 

'.«•■* ^ * * 

\\ Information gathering. * Measuring, "counting, ' taking photos, 

making prints of objects,- -diagramming, sketching, describing, rf and 

recording observations in natural settings' are examples lof jdata gathe?- 

'ing* Unlike experimenting, data gathering takes place ,in a naturalistic 

environment * with nb attempt to randomize c _to sample, or to control 

variables." ^ * . 
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Student, Activity Analysis 



The results* of the coding of student activities aire shown' in 
Table, 10 on page" 181. The data can J^tonalyze'd within each program- as' 
well as across programs. The first ' ^Rrn tha.t emerges is the consis- 
tency that occurs within >any.given p'rogT?!fc|t|Uif / . None of the programs 
looks balanced" across all the- variables, UI*eW the emphasis of the 
program, it seems, to. permeate, all *he student' activities in that pro- 
gram. Examples include the heavy*, emphasis on reading, in the life* 
science program, .the large amount of s craf tsmanshipjand construction in 
the thematic .program, the. .greater amourifof logic.^n'thTthema'tic pro- 
gram^, tfnd the- larger \amount of; experimentation- xin both" the thematic and 
physical_s.cj.ence programs'? ' I* »> • ' \ „ . . ' 

* . - ^ • '-V '•• " ' ** ' 

^ , • Across-^programs there- is^ame" vat iati6ir in^t-'he student activities 
in the amount of craf tsmanship/-^hei^mouaa-antf types 6f logics ' used, 
the content coverage,, and; the amount .of , experimentation: All programs 
^r, it ■ I™ th ?> r ^ k ' of activifies c foc^^ing on *f fectlve "dimensions 
and their heavy emphasis oft cognitive outcomes. Additionally, there is- 
a he^vy emphasis on 'the figurative" type < Ps £ knowledge-, ^at ' is,, most 
things have been reduced, to "nonlogic * thinking, situations" for. the" 



• - 1 * tecms of ~nten.t., the physical' sciences seem "t6 bV a *predgminant 
emphasis at this level;. T here is -no emphasis --within , or Across programs 
on the - interdisciplinary nature of knowledge, .'The content-, of , 111 pro- 
grams at this level is, -strictly confined to - the. aaturai Sciences.* No 
attempt is made, v any of , the ; programs,, to relate" the natural science ' 
content to any other content areas, % - I . • ' N ., ' % 

, The high emphasis on information gathering and, the low emphasis on ' 
construction and experimenting seem to- go 'along, with 'the 'goals'' stated 
for most^of the programs— that ^eierfce is knowledge W science '-is not 1 a-- 
way of knowing. '.The thematic program i*. the one exception to this, trend- 
and brings the average-up' in these ' areas- for all -t^he programs, together . 
The high dependence on reading for the Completion of ' the ' labs is a* 
reflection ,pn the ^dry lab" nat€re n of most of :W- student, activities \ 
provided. , • ; • « ' • 5 ' • y 



Summary -< 



r 



< *, i . - • . > 

".Though the Analysis, of; prb^ragig- commonly used ' at this' level Reveals • 
interesting, patterns for the. materials, when • taken as- a g'rOup^it is ' 
,worth reiterating the idea that there "is a diversity of. programs "con- 
tained within =this subset; Teachers, and ' educator*? do'haveva choiceVofV 
ttlr^t ie5 %^" ten V learnirfg st^es,' and. student activities 'amoJg the' 
mater ijfs available to., them. A -'careful/ analysis of the programs .reveals^ 
that all , the programs do, not _ "'look--? or Tact'" alikef. • </The Authors' -and! 



Table 10. Results of Coding Student Activities in Five Major Science Programs 





* L 

(%) 


'P. 


(*) . 




T 

• (*) 


.TOTAL 


A. MAJOR ACTIVITY FOCUS 
Craftsmanship 

.MTTeCt 

Cognition 
/ ; Craftsnian§Ji1p and affect . 
Craftsmanship and cognition 
Affect^and cognition . 
< ' Craftsmanship, affect, and cognition, . 
Hot codable into the above categonie^ 


0 
0 

"82 
0 

18 
" 0 
0 

, 0 


0 
0 

76 
. 0 
12 , 
12 

0 ' 
0 J 


' « 

0 

0. 
53- 
■0 

26: 

0 . 
0 


' 0 
0 
85 

o - 

-15 
0 
0 


0 
0 
0 

<• 0 

80 
0 

20 
0 


♦ 

0 
0 
71 

" 0 
16 
12.' 
1 , 
0 


B. TYPES OF KNOWLEDGE 




9 










Figurative 


88 


70. 


. 68 




,40 


68 


, Operative I 






• 








I. Addition of classes 


0 


6 • 




0 ' 




■ 4 


III-IV. Multiplication^ classes 












m 


: A. Intersection 


0 


0 


' 0 


' 0 




« 1 . 


o. Lorresponaence • • 


1Z 


12- » 


.10 


31 




16* 


t V. Seriation ' 


0 


0 . 


•' 0 


P • 


0 


0 ' 


% VII-VIIIr Multiplication of, relations 










• *. 




% A., Intersection * ^ 


D 


• 0 


5 


0 ■ 


■40 


3 


B., Correspondence + • ^ 


-o 


0 


0 


8- 


' 0 


2 


' ^ Formal ^ , - , 


0 


12 


<5 


3 


0 


6 


* Not codable into th£. above categories 


' 0 


0 - 


. -0 


. 0 

*• 


* 0 


0 


; : i—* = - 

C. CONTENT OF THE ACTIVITY n . <?- 














B4olbgy ■ % , ' t ■ . 


89 


0 


0 


30 


• 0 


* 23 • 


Physical sciences' 


5 


100 


11 


30. 


71 


- 47 


Earth scieftce§ ». . »• * • 


5 


0 


89 


27. . 


0 


■24 


Behavioral sciences- 
Social sciences . 


- 0 


0' ' 


*' 0 


0 


.0 


. o • 


. 0 


0 - 


0 


o- 


0 


' 0 


Humanities 


0 


0 v 


0 


0 


.0 


0 


, Fine arts 


0 


0 


'0 


0 


0 


. • 'o 


Mathematics • ' ° 


0 ' 


0 


. 0 


13 


28 


6 


, Not codable into the above categories 


0 


- 0 


'0 


0 


» 0 


0 

1^— 


Q. WHAT SJUDENTS DO . < 








> 






* Appreciating . 


0 


> 6- 


6 


' 2 ' 


9 


. 4 


, Calculating • \ 


0 


4 


6- 


17' 


•13 


8 


Constructing 


9 


13 • 


17 


4 • 


23 


12 


j Creating * - . 


0 


2 ' 


0 


2 


'0 


1 


. 'Deciding 


0 


0 


0 


x 0 


0 


0 


/Experimenting ' : 


. 3 




' .'8 


•12 . 


■ 23 


12 


Interviewing a . 


0 


■ o - 


. . 0 


' 0 


0 


"o • 


Listening/watching °. A ' 


.'0 




' 0 


. 0 


0 


.0 


Nurturlna ' • * a. 


/ 6 


o 


" 0 ' 


' 10 


o 


' 3 


• Reading - * 


.•' '39 


11 


17 


10 


23 


' 19 


Listening , 1 . 


0. , 


♦ 0 


0 


0 


0 


0 . 


Valuing \ 


0 


0 




0 ' 


6 


0 - 


, Watching/view1r\g ^ - , 


* 0 


0 


*° 


. 2 


0 


„ 1 


..Information gathering 


45 


■ 45 


46 


40 


9 


"40 


No't codable/into' the above^categorte's • 


0 


2 * 


0 


0 


0 


'0 
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• publishers, as of 1977, did not see science appropriate for students at 
'this level the same way. . 

- * . . ' * . ' 

f«V ^"f "Jt tw ° ideas that - dal W*n this diversity' and the prospects ' 
ror the immediate future for even more .diverse materials. First, it is 
unfortunate that the^ diversity in the mate-rials in 1977 was not greater 
than it was. The innovative nature of elementary and secondary mate- 

• "f ls of the - sixties and seventies seems to have had little penetration • 
into the middle and junior high school materials. , Second, and evert more 
depressing,' is the apparent forthcoming removal of the more "innovative" 
programs from the pool of choices available. . The economics of publish- 

;?w S *lTf t0 ,- W ° rki 1 n . g " a * ainst the programs requiring equipment or 
£?5* ufactured applies. Only hardcover /.books seem to 'be surviving, 
jnd t-hg innovative packaging of materials seems to.be on an indefinite 

•lfi*T P - atte ™^ ^ choice . th at was available (though somewhat*, 
limited) is rapidly being reduced as programs with materials 'are no 
longer being Void. The net result wiil be a sense of programs that do 
all "look alike" and "act, alike." 



The checklist cheated ' by Harry Mi-lgrom in. 1964 (7) provides a 
series of thoughtful questions that should be answered when evaluatinq. a 
.science program. This" checklist of questions is very judgmental ■ and 
SySt V ematlc v th . an other themes used in analyzing programs' in this- 
study. Even though these questiftns are very difficult to answer pre*' 
V l S l ■ c thB answers ' as suggested by th|se. 'authors do seem to reflect the ' 
state .of ^the art' of science programs- at. <th'e -middle school and junior 
nign schctol levelv , . / 

M.. Does the.,bpofc portray science as an exciting adventure of the 
human mind? 4. .yes, 1 rjp, 5 questionable, - c • . 

2. ^s>e, book provocative ^.challenging? -2 yes/' 8 no Does -it 
. . inspire more questions than'it answers? 2 yes, 8 questionable" % 

■' * v / . • * * ' * 

3. -Does the- book furth'er understanding ' of • the basic principles of* 
science? 9 yes, l no • • , * V 

j > 

4. Does . the book give insight, into the methods of science^ ' 2 ves .ft 
,not particularly ' . ■ 5 . ' ' * yes,.»8 

i . ••«*'• 'T 

5. ■ Does, the txx* stimulate new interest* and stir new wonder? "*2 yes?^ 

8 no . ,•' \ • %. t~ i 

4 ' ''" ' ' ' ' • ' \ ' ■ fT ' ■ " 

6. *.* Doesvth*e book promote independent' inquiry- and thought? 2 yes', 8 

' • no . " * • » ' f~ «... * ' ' ' 

i:. Does the book, provide |eads..for experiments? 9 yes/ l.np ' * * 

8. is" the book based on some foundation Of previous knowledge; and ■ 
S experience? - 2 yes 8 unknown • * • ' 

' 9 * '"'S?; 4 th6 'H! re ^ al tne r ° ie of . the^imaginition- in'-fhe progress ' /V * 
• .of Science? '3 .yes, 7 no - - v y .* r 
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10. Is the content of the book within the comprehension of children in 
. the age group for which it is w^itten^ * 3 yes, 7 net or 

questionable . , * ♦ 

* 

11. Is the style of writing A appropriate to the subject, clear, inter- 



V 



5 style of writiogAappropri 
I, £nd meaningful to"the read 



esting, Snd meaningful to^the reader? 5 yes, 5 questionable 



\ '12. Has the book ' been checked for ' accuracy of scientific vocabulary * 

and expression?, 10 yes ' * 

13. * Are the illustrations- in \the book clear, meaningful- to Jthe text?,* 
~ \ ... and scientifically correct? * 10 yes * • f * * 

* ' > -14; ~ Does the author give careful attention- to details "given in the 
book? Basically 'all yes ^ . " 

15. Is the book more than - a "cut and dried" collection m of assorted 

facts? 4- yes, 6 no^ * ' ~" ~ T r r — - - > 

• * ✓ • n 

16. Does. the. book introduce - the reader { tojsuch tools of scientific 
exploration as observation, measurement^ . and reasoning from data? 
4 yes, 6 .no y , , 

, 17. > Does th^ book increase, in some measure, children's awareness and 
understanding of trie science* in the world ^arourtd them? "Basically • 
V • ' all 'yes # . 4 

\ * 18. Doe? the. book help, the "reader gain greater insight into the 
' ^chains of events? in the History of science? Basically none 

v • , i • p • . . • .-^ 

19. pbes* the book try to ipvolve the reader in .action and thought ,or 
does it relegate him to/ the role Bystander? 4 action or 
thought, 6 bystander tl - - - &< 

20. Does „the book provide , ideas for .the reader^ to ponder ahd mull 

over Most do< ' * ' 7 

« * > i * < • • * 

s • • * 

21. Dc^s the book distinguish fa<?t from" fancy? Most do / 

22l Does _ the book try tJb show « what motivates scientists afcd makes t 
* * .tick? 2 yes, 8 questionable . * • 4 ^ * \ 

~ v 23.> Does the - book tx^rtray- science as /an endless quest ot N doea it close 

* X the door to further .exploration, by describing "All'* there is, to 

\ know"? v 5 endiess quegt,^5 clones the door • > 

24. Does ,the book show how scientists establish order out of apparent 
* * . chaos by bringing to' light the big, unifying ^idea$? 2 yes, 8- 




* 



^questionable ^ * * . % * 0 * 

25. ,is the etophasis *of, the book on learning by rote or on learning by 
* reason? ; 6 rote/ 4 rVason # 
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' 26 * STi.JS ?° W that hfe ^er>tands* the needs -and. aspiration's 

of children? Most do not 

" r * U T r * r * 3 ** Ct the dl9nlty ^intelligence'' of 4 young 

reader? 5 yes, 5 no ^ * 

Does the author try to 'cover everything in a science area, or ctoef 

Vr ° n lX \ th selected as ^ ts of .the area for greater depth,' 
of treatment? - 4 yes,, -6 no . v ■* 

'Swt^ k / er4y< T ate;dfS(rter ^ <* the' P^t, or does it 
•illuminate the approaches -and . probings ^that lead to discovery? 
7 enumerate discoveries, 3 illuminate 

Does the book' present oa-great deal . of . information without indicat- 
ing how scientists go' about unearthing information?* 6 -yes, 2 no'?? 

8 S yes h , 6 2*t\ Written t0 "S**" t0 3 ^ * SeHeS? 



28. 



1 

29. 



30 i 

* 

31. 
32. 
•33. 



Does the book,con&ih any original or unusual features* that set it 
apart from other books about the same subject? 3 yes, 7 no 

iS? ^ ntr,0duce - the *> the nature and 1 spirit ~of 

The Scientific Enterprise"? 4 yes, « no ^ • 



• CHAETER 4 
ROOTS: .1965- 



- Earlier, editions for each, of the programs were analyzed to deter- 
mineJtohat changes had occurred in ' these , materials in the decade from 
1965^W" to 1975-80. This analysis', of- course, reveals only changes that 
occurred in materials that ended up being" bes.t sellers in 1977. It does 
not describe what the best-selling jprpgrams oi 1967 that didn't -continue 
to be, best-sellers. This analysis is thus not a reflection on all~th£/ 
possible trends in science ^education^f roitf .1965-^0 to 1975-80 but rather, 
just ..the' changes in the. programs that survived as best selleiP^ to* ,1977. 
Comparable data to the Weiss 1977 d&ta (2) ^fe not " avfeiiable £or 1967. 
This is why a "roots approach 1 ' -design -has been employed for this* part of 
the analysis. * ■* * 

It is fairly easy to describe *the chamjes in the -programs £roiti 1965- - 
70 to 1975-80. In a « word/ the majority <?f^ the Changes "can be described 

^as minimal-. This is a fairly predictable , tr^nd in the ^-educational 
publishing industry; that is, when you fiapgen on a winner,^ don't mess" 
with it. , Publishers change programs only as sales .start to slip, and, 

^even then these is a .general teridency to come out -with a whole' nev/ 
program and not jrevise trie old. one. Therefore, one could predict th£t 
the best sellers of 1977/ which {fed their repots ten ^year's or more ear- 
lier, hadn't changed muqh since their earlier editions. " ^ 

~Tfce changes "that were made ft;om editioh to , edition*, were basically 
cosmeti^. « Greater use of four-cojor art and color ~ photographs was a 
tiniversal trehd across - the programs over- the decade. Th6 quality of 
both the art and the photographs Improved -with each % new x edition. - t The 
educational value of ♦ these components /better plac^jient * and related to 
text materials, etc.) also improved wit'h each ■ e<3i^ion. Those programs 
that contained the spfecial one-page career "briefs did change, and these' 
pages t . were updated across editions, -fhis^ of cburse r was easy to' do and 
was a ' flexible ^ design vcomppnent to continually nftke the materials * look 
^current without-changing the 'organization pt the program. I ^ ( 

• ,« i . „v 

• Any.* major change* in any of the ^programs- ixi'tetms^ of content 
reffceusiflg, teaching Vtyle changes, etq.,« is dif field/ to* find ir* any of 
the programs. A. few specific improvements and* changes cap be ''found in a* 
few of the programs, .but none comes close to beings ponsider^d t a 'major 
.change. .The "stay ♦'with, a winner .until it dies^ philosophy seeing ojbvious 
with all of these programs. • * - * >f . 




Fot each of the programs, 'tJe following questions .were considered V 
as d starting point for comparing across 0 the decade: 

Were there major shifts in content emphasis' in the- program from • 
1965- 70 to 1975-807 ** 



1. 



t 



. 2. If new content was added ' to the program, ^as some content . 
• : ^dropped? " ' 

V ' ' ' ' ' % ' 

3. Were the written goals for the program changeS in later editions 
of the program? % 

- \ L 

-T ■ * -J * » 

4. Was a new teaching .style suggested in later editions? % . 0 / 

5. Were new sections for the teacher added in later editions? / i 

60 Were the* evaluation devices updated from 1963-70 to 1975-80? ' 

• . ■ • . * 

7. Did the philosophy of evaluation change from 1965-70 to 1975-80? 

> 8 * Did the amount of career emphasis' in the program change from 1965- 

*70 to .1975-86? • * - *\ 

9. • Was there , any change in the 'educational philosophy of the program 
*- oyer the. decade? * ' ■ 

' ' " » ' ' . . • . 

i 10. k Was there any change in. the educational psychology the program 
discussed? 

V > ... 

, ' Did the scien ce/society emphas.is change over the ten years? 

• 12. Did' the science/technology emphasis change over the ten' years? 

'■? '/ . P > • ▼ 

13. qid .the nature of * the Student activities change over, the-xten- 
years? * ' ' , . 

, , • 14^, Were tjthere any major design changes in 'the program? * 

The answer to all, of these questions' for all of the programs is, basi- •"' 
• cally /; no^ There were no major- change's in any of the programs over the . 
decade, except- fdr* changes in appearance (new covers, art, photos, - 
y . etc.) ; ' " 

. \, ,. , I" 1967, Dr. S. S. Blanc *onduc^ed" a study entitled "Distribution " 

. of. Physical Science" Principles in 'Junior High School Textbook!" (8). 

. ' Dr.. Blanb fpflnd 122 principles, which 'he grouped into ten major .science 

1 topics as follows: ■ . . 

' ■ . * . , .• • '• 

Matter and ^Energy (19 principles) . ' Light and Sound (20)' ' ' 

Electricity^and Magnetism (13) , Force and Motion (11) ' 

■ Liquids and Gases (13) . . T Properties if Air (5) ' 

. -Weather arid Climate (11)-.. ... Fire and Heat (8) . " 

• : Astrbno&y (10) <l\\ ,* ■ \ Geology (12) 
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The principles were found in varying degrees -in all five .programs that 
he analyzed. Dr. Blanc randomly selected' five programs for* his analy-^. 
sis. Each was a three-year science program designed for seventh, * 
eighth, and nintb graders. • 

' • i ,1 

One df the three-year programs From the 1977 group was selected 'and 
analyzed for £he 122 physical science principles from Dr. Blanc's study. 
The physical science and the -earth science texts were aifaalyzed in detail 
to determine which of the 122 principles 'were included in" the materials. 
Just as Dr. Blanc did in 1967, this stucjy made* no attempt to determine 
if "the principle was adequately " covered or properly described"; It was 
concerned only with whether the "principle was present in thp student 
materials. The fallowing principles fronr^Dr. Blanch list were^found, to 
be present in the 1977 series: • # 



. * Matter and. Energy 

Matter is any substance that^ has weight and occupies .space. 

All i&atter**is H composed of single elements or* groups of elements. 

An element; is the simplest form* of matter and.* is composed, qf tiny particles 

called atoms. v * ' 

^All sti|>stances are, made up of small 'units called molecules, which are alike 
in the same Substance. - ' „ / _* \ 

Elements combine pl^ysically t^o form mixtures and chemically to form com- 
pounds. ; . \ s 

Matter can be changed, ffcom one rorirs to another <but cannot be created ^or 

* destroyed: \. . ^) ^ " 
Ihertia is a .property of matter* which resists changes in movement ofljzhe 

substance. , * • ' • 

Matter cart be transformed* into energy and energy can *be transformed into 
- m matter. 

Matter exists in tpree'stat*^ as solids, liquids, end .gases. ' 

The main difference among a solid, a li/quid, and a gas is in the movement 

of; the tfjolecules in the substance. N 
.Atoms of all elements are irfade^up* of . invisibly protons, electrons, and 

neutrons. * '„ V ' • * ' '* "V • 

Atoms o£ radioactive elements are 'constantly disintegrating afhd giving off 

various' rays.^ . • ' J* 

A nuclear* reaction takes 'platfe when one element changes into another ele-" 

ment. > • % . • **% 

Energy is the ability to produce motion or exert force. 
Energy can 'be changed frbi| one form to- # anoth££ but. cannot be created -or 

destroyed. * f [ 
Energy ythat a body possesses because of jno,tion is called kinetic energy. 3 
Energy -that a body possesses 'because of position is' called -.potential 

* -efiergy. % °* 

Light and heat are forms of radiant energy. • * 
Radiant energy travels in waves in straight .lines in all direction*} from 
the source. * t 

r i • 
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Light and Sound 



Light waves travel in . straight lines while «pass'ing through a' uniform * 
. medium. * ; * . • 

Light waves striking* an object may be absorbed, transmitted, or reflected. 
'When light, falls on an opaque object, a shadow is formed behind the 
object. t 4 ' 

When a beam of light falls on an irregular surface, the light rays are •' 
scattered in all directions. * 
-Light rays passing at an angle from a rare to a denser medium are bent or 
refracted towards the normal. * . 

Light rays 'passing at. an angle from a dense to a rarer medium are bent**r 
refracted away from the normal. - - 

Light -^ays may be -brought closer together, or. converged, by using a convex 
lens. » . 

Light rays^ay be. spread apart) or diverged, - by means of a concave lens. 
An image appears to be as far back of a plane mirror as the object is in 
front^of the mirror. . * 

Ordinary white light is made upr6f waves of many different wave lengths, or 
colors. N 

The. color of an bbject depends on whatlight rays it transmits, reflects, 

and absorbs. "Tf 
Sound is produced and transmitted by .vibrating materials. 
The loudness of a sound depends on the energy^ of the sound waves. 
Sound waves spread out in; all directions from the object producing the 

sound-. • « 

Sound waves travel, through different substances at different speeds. 
Musical tones are produced when a vibrating -object, sends , out regular sound - 
waves. . * r i 

Noises are produced when a vibrating object s/nds out_ irregular sound • 
waves ^ * "* 

The pitch pf a musical sound depends on the rate of vibration ' of the 
• vibrating object. * 

The quality of a musical sound^depends on the pitch and the harmonics of 
the tones; • 

•Sound waves* are reflected from smooth,' hard materials and absorbed by soft; - 
rough .materials.. . 



Electricity and Magnetism - * 

Magnets always have two poles and are surrounded by fields of force. 
Like magnetic poles repel each other and unlike .magnetic poles attract each 
Other.' * * . -0 ' t ' - e • -'^ 

An electric current may be, produced *y friction; chemical action, or 
magnetism. 1 , , 

A substance that ga'ins or loses electrons becomes electrically charged 
An electric current is a flow of electrons from a negative-to a positive 
pole. , ^ ,. • . . ^ 

An electric current '-flows when there is a difference in electrical pressure 
between two points. . • 

• ' * . " • • ' ' • ' • ; 
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An electric current flowing through a wire sets u£ a magnet iq field of 
force. 

An induced current may be produced by a wire moving through a magnetic 

field.* , 
An alternating current flowing through a coil can induce a currei-fe in an 

adjacent coil. • 
Electrijcal energy used in overcoming resistance to flow is changed into 

heat or light* 

Chemical' changes are produced when an electric current passes through ai^ 
electrolyte. 

Transformations of energy are made po&silple by vacuum tubes and ^resonating 

circuits. - . 

Electromagnetic waves go out in a straight „ line in all directions from a 
• transmitter* 



1 f 

Force and Motion 



All motion isi produced by force, but not all forc$ produces motion. 

When force overcomes resistance and moves an object, work is performed. ' 

Jo every actioft there is an equal and opposite reaction. 

A body at rest will continue at rest until some outside forqe moves it. 

A body in motion will continue in motion until stopped by an outside 
force. * ' 

The force that holcfe molecules of a ^bstance . together is cohesion. 

Machines multiply the force exerted in ortfer .to make it easier to do work. 

When there is a cjain in mechanical advantage* there is a loss of speed. 

Whenever one surface is moved over another, resistance or friction is 
produced. 4 - ^ - 

Work done by a machine plus the work- lost because of friction equals work 
put into the machine. * 

A body in rotation tends to fly out in a straight line from \.he circumfer- 
ence of the circle. . * 

•** • . 

IT Liquids and Gases . 

- . \ > ■ . 

A dissolved substanxe is equally scattered throughout the liquid in which 

it is dissolved. V . 
"A body- floating in a Pi quid - is buoyed up by a force equal to the yHKjhtof 

the displaced liquid*'. ' 
Arjy body of free^lit^aid will seek'a level in which all surfaces are at the 

?ame x height* . . < % * , 

The pressure at any point in a flyid is the same in all directions. 
Pressure exerted on a confined liquid is transmitted unchanged throfcqh^the 

liquid... « 
The prestftirp in a fluid increases directly as the depth.* 
A gas always tends~to ^expand throughout the whole spkce.it occupies. 
The pressure of a confined gas is 4 increased<>if 1 the temperature is, raised. 
The pressure of a^ confined g^s is ♦ increase^ if the volume is decreased. 
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N H$at is released when a gas is compressed and is absorbed <when a gas 
expands. , 

;*5ases, and roost liquids and -solids, expand with heat and contract with - 
' -cold. ■ « % 

The average speed of molecules- in -a gas is increased with a ri*e in 
temperature. « * 

Heat is r^eased whert a gas is changed into a liquid Wd absorbed when the 
« liquid is changed into a gas. 



Properties of Air 
kijc is ma'tter 'that occupies space ana has weight. 

Differences- in pressure can be used to make air do work/ / 
Air pressure is -increased by increa^f the number of molecules that strike 
a surface. * y * w /« 

•Atmosp)ie*ic ptessure decreases with an increase of water vapor or a rise in 
, . attitude; - / * 

Air -that i$ moving ejcerts less pressure" than air not in motion. J, 

• • 1 . ' : /• 

• * * Weather and Climate — - - 



Weather is the result of. changing, condition* in the 'atmosphere duetto - 
movements or air masses. 

ClimaWis the average of weather conditions in a certain 'place over a * 
period, of time. 

The main cause of weather change" is the unequal heating of different parts 
of 'the earth by the sun.. .' - " v 

Winds are airr movements caused by the unequal heating of the earth's sur- 
face by the "sun'. , 

Air masses move from regions of high atmospheric pressure to regions oflow 
atmoSpherio pressure, 
"^tir masses°r evolve in* a counterclockwise direction in the northern hemi- • 
. sphere and in a clockwise direction in, the southern hemisphere. If)^ 
Bodies of land heat up and*cool<off more' rapidly than bodies, of water '.Tp 
The wore nearly-vertical the rays of the' sun, the greater the heat afld 
energy received by the earth. , ' ' 

.The atmosphere surrounding the earth 'prevents most'of the heat from leavinq 
. the earth. ^ t • ' 

The higher the tempesature of /the Wr, I the more, 'moisture is needed A 
' saturate if. ' , \ , " • 

Rain..vill occur when ( centers of condensation form in vapbr-saturated clouds 
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Fire and Heat 



A f pel is a substance that will burn and .give off heat, • * 

Eacjh^ combustible substance has a kindling temperature that varies with its f 

condition. ' ' 

Heat travels through space and 'is carried by solids, liquids, and gases.. 
Heat tends to diffuse and equalize temperatures of all places and objects 

it reaches* \ 
There is a continuous transfer offbeat between two bodies of different 

temperatures. * e ? . " ; 

Most objects expand on heating and contract on cooling, 
'Heat -is conducted, by the kinetic energy transfer from jnolecule to 

molecule. * • ^ 

Jlost q£*our heat energy comes originally from ^the sun. 
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Astronomy 



» 



The dolar system is composed of planets and other bodies revolving^ in * 

orbits a'rourtd tne sun, • $ 
The f sun is a hot, gaseous star in the center x>f our solar systent.^ 
The movement of 'bodifes in our solar system- -is^contcolled-by the gravityof — 
r the sun, \ . . % « . . ^ . 

•The planets revolve fn huge ellipses around the' sun in .nearly tfie -same '\ 

plane. w * - - ~ ' * " ' * ' 

Movements of air and water on the ea'rth are duetto the^ pull of gravity 1 " ancl * 

the rotation of the earth. \ " ' J . - * * 

The sky ,is filled with many millions of stars each giying*'*off its own* 

light. . • • * . 

The urjivejse is composed of great clusters of s£ars called galaxies. J - 
The conditions of temperature and* atmosphere on mo/st ^planets, will not 

sujiport life. * , • , ,* „ • 

TKe pull of gravity and the inertia. .of the^object must be overcome to place 

Jan object in space. * * * * m „ ' 

Tfte change of seasons is the result, ,of varying amounts, of heat receivedby 
Ithe earthJs surface. fc ! 



Geology ' 



Rocks may be formed By cooling solidifying o£ magma or by the compact- 
r ing of sediments. ^ * * , 

.Rocks" and minerals may be changed from their- original form by^ heat and 

pressure. „ - F 

The succession of fossils shows £ prpgressiVe development of-lif^frbm ° 
* simple to complex. r m * , ; < ■ , " 

The earth is *a huge spherfemade up of the atmosphere, hydrosphere/ and 
lithosphere. 
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Two groups of forces are constantly acting on the earth's surface, building 
it up and tearing it down. * ' - • * 

. Erosion takes place in proportion to the resistance of the rocks to .decom- 
position and disintegration. • 

.The earth's surface may be elevated or lowered by internal pressures and ' 
forces. » 

- Forces within the earth may cause breaks and faults to appear in the ' 
earth's surface. ' " 

Earthquakes are produced by the sudden slipping of the earth's surface ' 
along faults. \ 

Every stream is a part of a large drainage system that is wearing down the 
earth's surface. • 

'Glacial conditions are found where there is an Increase in latitude or an 
increase in altitude. » . 

Plants and 'animals, along with weather and climate, help to form and change 
the soil. - . 3 

t ' • **" 

All 122 physical science principles were found in- t*he series (POPS) 
that was- analyzed. Not only were the principles present but they were 
easily found, since the major topics of the physical science book were 
very parallel to Dr. Blanc's principles list. 

'The more interesting thing to contemplate *is: What are the princi- 
ples in the, 1977 series that are not on Dr. Blanc's list from 1967? 
No attempt was made here- to formulate the principles statements nor to 
be inclusive of all the "possible additions. What follows is a sample * 
list of. topics not covered by Dr. Blanc's list that have principles ' 
inherent in their coverage: science and technology are interrelated, 
the. metric system is universal, density = mass/volume, substances have 
physical and chemical properties, atomic* mefcels, atoms combine chemi- 
cally several ways to form molecules, j>olyatomic ions and valence, 
atomic mass and valence tables, families of elements, catalysts, alio- ' 
tropes, law of multiple proportions, chemical isomers, fractionation and 
distillation, polymer chemistry, ionic and covalent bonding, solution, 
chemistry, chemical reactions and equations, endothermic and exothermic, 
molecular mass and formula mass, molar solutions, acids, bases, salts, ' 
relative motion, conservation of momentum, thermal pollution, cryogen- ^ 
ics, Doppler effect; vacuum tubes, rectifiers, transistors, computers, 
transmutation, fission-fusion, cyclotrons, and plate tectonics. - 

What. this analysis reveals is the "addition principle" of educa- 
tional publishing. The continual addition of contint occurs over time 
with no removal of any ol<^ content. The jvet Result is the encyclopedic 
nature of most programs. w e other interesting thing to note is that 
the books do not get longer with the additional content, but rather more 
is- jammed onto a page and each t0pic , is covered- less thoroughly. There- 
fore, not only are the books encyclopedic, but they are also difficult 
to .read, as they jump from -one major principle to another with little \ * 
attempt to connect them with a story line. 1 



It is' no wonder students view science as ,a mass of difficult- 
information (like a foreign language) and not ^s an exciting, . dynamic, 
intellectual process! ' / 
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APPENDIX A 



Sample Vocabulary Analysis 



POLS — CHAPTER 1 

* 

Boldface and/or Italicized Words 
science 

product of science 
process of science 
defining problem * 
collecting information 
forming a hypothesis 
testing a hypothesis 
communicating results 
theory 

glacial hypothesis 
experiments 
problem 
procedure 
observation L. 
conclusion "~ 
control group 
experimental group 
variable 



microorganisms 
electron microscope 
pH meter 
pH scale 
neutral 

qualitative observation 

quantitative observation 

standard unit 

English system 

metric system 
.meter 

liter . 

gram 
^ kilogram* 
* milli- 

centi- 
, kilo- 



NeW and/or Unfamiliar Words 

scientific inquiry 
atoms 

molecules ^ 
* germs 

scientific method . 

electronic recordings 

proposed solution 

prediction % 

magnetic tape 

coral* islands „ * 

Darwin 
■ limestone • * 

calcium carbonate 

sea level 

extinct 
scientific journal 

volcanic rock 

controlled 

beef broth 

beef bouillon* * % . • 

Pyrex 

beaker 

sterile 



Leeuwenhoek 
image 

magnification 
eyepiece 

coarse adjustmeht 
arm * 
stage 

fine adjustment 
base . 
tube 

revolving nosepiece 
high power* objective 
diaphragm 
lenses 
cover slij* 
slide 
* specimen 
rotate, * 
electron Beam 
electron rays 
fluorescent screen 
measurement 
fixed quantity 



195 



194 



litmus paper 
acid 

microscope \ 
Vorticella 
drug < 
medicine 

electron microscope 

pH meter 

basic 

saliva 



length 
mass ' 
volume 

standard mass 

milligrams 

milliliters 

millimeters 

centimeters 

kilometers 



FOLS — CHAPTER 5 



Boldface and/or Italicized Words 

* 

specialized cell 
striated muscle . 
voluntary muscle 
cardiac muscle * 
involuntary muscle ~ \ 
smooth muscle 
secretions 

plasma * % f 

antibodies * 

qell theory ) 

unicellular 

multicellular 

virus \ 
cells 

cytoplasm y 4 
cell membr ape 
^endoplasmic reticulum 
mitochondrion "* 
nucleus 

ribosome - , 

vacuole 



New and/or Unfamiliar Words 



tissue ^ *- 
cells 
organisms 
* life 'systems 
organs 

dissolved chemicals 
solutions 

, compounds' 
elements 4 
jred blood dells 
white blood cells 

' hemoglobin 
transport 



A 



nuclear membrane 
kNA 

ribonucleic acid 

protein 

code 

DN& 

deoxyribonucleic acid 

„ enzyme 

* diffusion * 
j5smpsis t * (L 
concentration 
active transport 
osmotic pressure J c 
turgor / 

■plasmolys'is J\ -j 
ATP ' - ' 
ADP ' : * % . 

- mitosis ' ^ 
chromosomes 
^centriole * ^ 
spindle • 



oxygen « 

cafbon dioxide* 
network 

grainlike particles 
rod-shaped bodies 
enzymes . . 
carbon .atoms 
carbon 
hydrogen 
nitrogen 
stfcLfur 1 
amino acids 
species _ 
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cartilage 
epithelial 
striations 
digestive tract 
windpipe 
dissolved food * 
minerals 
ojojbic nerve 
~-t*ell theory 
Hboke 
atom 

iodine x 

stain 

Schleiden 

Schwann 

amoeba 

Paramecium 

organic compounds 

"alive" 

large molecules 

protein 

fat 

stanch molecules 



\ 



chemical reaction 
chemical unit 
composition 
potassium permanganate 
membranes 
dialysis tubing 
concentrated 
glucose 

high energy, phosphate^ 
C 6Hi 2 0 6 
°2 

co 2 

released enerc 
adenosine triphosphate 
adenosine diphosphate 
"power houses! 
cell division 
prophase 
metaphase 
anaphase 
telophase 
replicas v 
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In order to utilize Human Sciences, activities , in research studies 
the activities need to be categorized on a r ,variety of descripta. These 
descripta Will be used as dependent variables with student characteris- 
tics such aSvSex, age, etc.,tfsed as independent- variables. Activities 
with the /same descriptaN^ill be pooled together mechanically for some 
studies and will be -factor analyzed to see if „ they pool - together in 
other studies. There -will be basic data" coded for every activity. 
These basic data consist of: module ""in which the activity was tested, 
activity identifier, year tested, and grade lev^l of the % test group. 
Data in the data ' bank will enable us^ to determine .hgw many students 
chose the activity, as well as provide information about what these 
'students were ljke. \ ? 

^The purpose of this paper is to describe new descripta that need to 
be generated for .each field-tested activity. This version of the coding 
criteria' was used to. code all Human Sciences activities by two .coders. 
The next task will >b^ to find pny ambiguities or limitations in the 
descripta and to calculate both in'terrater and intrsrater reliabilities. 

Ther^ are four major coding categories that are described on the 
following page. Each category has subdivisions that were used in, the 
coding, proceyss. ' The codings Were marked on optically scanned sheets for 
data processing/ The categories and coding protocols will* be described 
next; followed by the details of the" optically scanned coding sheet 
layout. ; 



Conventions . 

Codecs .will use* the student activity as th^object tor cQdmg. 
Thfeywill not read the" teacher f s < guide to the activity/ The literal 
Content of the activity plus media, worksheets, evaluation problems, and 
otKes materials Students u£e as they do the activity are to "be the data 
sources for activity coding. w 

This convention is adopted because activity guides were- not ptP~- 
vided for some activities and because of differences in activity guides 
for different; levels. , Descripta coding must reflect the, activity from 
the student's perspective. The key. points made in the activity, guides 
should be reflected 4 in the student materials. ^ If they are not", then 
they should not influence ^activity coding. / \* • 

A. Major activity ' focus . There ^ were . three~ principle foci 
proposed for Human Science . activities: cognitive 'affective, _ arid 
Craftsmanship. ' ' 

All coding of activities will be done in terrfts of the .literal 
content ;of the totality^ of materials *the, student uses- in the conduct of 
the activity. 'Activities may; .include dhly pne major focus, all three 
foci, or various cdmbij^iqns of . them. The if^jor fopi\are: 

I** Craftsmanship , ft jnajor part of the activity is crafts- 
manship, constructing, building. Craftsmanship is part of <an activity 
where' students put things together/ build apparatus,* or otherwise 

; ' ' 19% ' 198. ' / ." • 
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Construction' may be the product i t ? I constructi °"' 
-e^ 

• ' tion to, aciisiSon of° new ^ feeHngS " th « than < or i" 

present/ng Sor^on AesthX ? " "P"""tati<,B8 by means of 
beauty, etc «rV fTrL AeSthet , lc °"tcomes, appreciating form, design, 

v^SL^^t^^L^r of an affective focus - Effect 9 i; 

»lle£ues (1964) affe ° tlve doraaln Ascribed b^Krathwohl and his 

knowledge. '"iw^Sn^'i.fM* f ° CUS ° f the ' "tivity is 

reme.be'ing, ^^JS^^t^cX^^ °\ l \ 
without reasoning or oerfnrmfnn I! °V h re -P res e n tation, but 

described here is classified I ^^^"tions. , Cognition as 
,the taxonomy ° f -^er .than 

tion of the three cateoortn * for any combina- 

for each ^ "V ° escribed . -bove. Specific. codes and values 

■ will be coded in cofumn S * ^ ^ ° f tti8 , "ST major focus 

, ' iori- ££££ ~ HT a* " • 

acquisition, it should not be used in SI i 9 \ f ° f knowled 9 e 
be predominant, not unique. If twf £^S?V knowled 9* type must 

nant, the higher type (dettn J 1 ! ^ typeS are e< ? ua ^V preW- 
described befow, SS * ^^^ffE 2^1 
the optical, scan sheet. Each activitv wfii S" C ° lumn 70 ° f 

of knowledge" code. • The cod will ^eflLV 8 ^ * Slngle - 
requirements of the activitv The »k ^ , predominant logical ' 

, when ar higher WedgT^s r^dTo ^^^^1^ 

edge TyJ^TT^Z^ * «**«U« the general knowl- , 
-essentially JZ&J^^ 

< and the cod e g figura tive < c " ^9" rati ™' ^ he ta ^ ends 

edge is requfrea, we will Jn?l« * * J* 9 ^**' ' lt SEgra^ive knowl- 
' as precisely ' ^ kind ° f ^^"knowledge 
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I. Figurative knowledge is knowledge that has not resulted 
from reasoning. It depends on recognition of the configuration of the 
stimulus. Figurative knowledge emphasizes forms of representation: 
deferred imitation, symbolic play, drawing, mental imagery, language, 
and memory, especially rote memory. 

Passive "reading" of data without having to act on it mentally, 
reason ^pbotft it, or transform it is a good, example of figurative knowl- 
edge acquisition. When students are asked "What did you see?" or when 
they are asked to describe or* consider static states of objects at some 
point in £ime, figurative knowledge acquisition is the requirement. 

* 

When the emphasis is on symbolically representing information 
without requiring any logical transformation, figurative knowledge is 
jjeing attained. In figurative knowledge, emphasis is on N representation 
without consideration of the ne'cessary logical > relation between the 
knowledge represented a'nd the representation itself; for example, words 
become, an end in themselves and not" a means to an e"nd. . Further exam- 
ples are: asking for an accurate "reading" of the situation without 
asking for an understanding of* what was] "-read," or, the. activity 4s 
developed in such a Way that the student can easily go through the 
activity without reasoning. 

Figurative knowledge includes all preoperational - knowledge. The 
pseqperational child tends to take the immediate appearance of things as 
the sole and ultimate reality. A single, isolated cognition with littler 
' or no potential is the hallmark of the preoperational child (Flavell, 
.p. 167). Wheta we ask, fot> an ifeol^ted' cognition without comparison or 
referent to other cognitions we^are 'asking for figurative knowledge. * \ 
• * 

.II*'* Operative' knowledge' is knowledge that results from 
reasoning. In general, operations consider how things have changed f 4 rom 
what they were to what they are now or how things might change. Opera- 
tions *&sk for an inference, an induction or a deduction. It is a 
representational act which is an integral part of an organized network 
of related acts. Cognitive operations are a holistic domain, .presuppos- 
ing a structured system that 'inpludes other related operations, ?for the, 
moment latent and inactive but always potentially ,actdali^able by them- 
selves and,' above all, alvfays a force governing the form and character 
of the operation which is momentarily on stage. ^ (Flavell, p. 167^ 

** . fc v 

Concrete operations are inductions, inferences^, and deduc- 
- tioqs from or about concrete witnessed -events,;' T t he content 
• of deductions is real objects. - The focus is on the properties, 
of objects, classification and relations, or facts and contra-, 
dictions of facts. Concrete operatiorts include inductive* 
summative processes of accumulating- instances (examples) and 
correspondences. They are "concrete" rule oriented, rules 
being fixed and* immutable-. Formal operational problems, such 
as ,the pendulum* problem, ca n be reduced to c oncrete ope ra- 
"tional problems by providing concrete referents in all Aspects 
of # the problem and eliminating many alternatives for the 
student. The concrete thinking may, nevertheless, be very, 
.sophisticated, and, therefore, difficult. 

i* ' c 9 m 
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Concrete operatidnal 'requirements . in an activity will be 
elaborated - into subtypes for coding purposes. These types 
will be explained following- the discussion of formal 
operations. . • * 

Formal operations are operations on the potential and hypo- 
thetical rather than on the real. Formal operations require 
the delineation- of all possible (logical) eventualities at the 
outset and then an effort to discover which of these possibil- 
ities really do occur in the present dafe^. The 'real becomes 
the special case of the possible, not the other way around 
(Flavell, 1963; p. 204). When proportional reasoning, logi- 
cally manipulating contrary-to-fact propositions, hypothe<?cal'- 
deductive thinking', and systematic combinatorial thinking are 
required in an activity, the coding is for formal operations. 

This category will npt be further elaborated. It will not be 
used when one question fn an activity reflects formal require- 
• ments. In 'distinguishing the concrete from' formal dichotomy 
we are concerned with the most frequent operations required, 
rather , than the highest mocte squired in the activity. 

» 

c - Coding categories- within concrete operations . -^The Rbman 
numeral designations provided in this section follow the conventions 
used in Flavell (1963) 'and Inhelder and Piaget (l$58) 'for convenience in 
referring to those sources for further- specifications of each type of 
thinking. The Roman numerals correspond to Flavell, but some categories 
are combined. The coder is to. select the single, most appropriate cate- 
gory, a subcategory within concrete 'operations, when t the decision is 
that the activity requires concrete operational" thought as its predomi- 
nant knowledge acquisition mode., * X 

*• Primary addition of classes ■ (class inclusions, class 
hierarchy) . "Class* refers to concrete, real, physical entities. The" 
student is* required to maj<e subclasses, make a superordinate class, or 
make a set of super oral nate classes. The student is required to take a 
superordinate class and make two or more subordinate classes.' 



Living things 

• . / \ 

animals plants 



mamma 1 S' non -mamma 1 s 
htyrtans • non-humans 



Figure—lir 



- 11 • Secondary addition of classes (reclassification) . The 
student, is ..required to reclassify classes. For example* a class group 
oT teachers (one class group) and students . .(one class group) are to be 



I 



I 



r 



reclassifi'ed as male (one class group)' and female (one class group).- 
<4lht& knowledge type will not be coded. It will be included in the "not 
codeable" category. ^ 

III-lfr. Multiplication of classes (or bi-univocal multipli- 
cation of ctassles) . Class, as before, refers to concrete, real, physi- 
cal entities. Students may be asked t;o relate one class to another (one- 
to-one), or many classes to one class (many-to-one) , or' vice versa (one- 
to-many.) Both cognitive task^ will be 4|||||^i n this cate 9 or y- 



Intersection of Classes 



The logic required is to generate tHe intersection of two 6r 
more variables (classes), creating a new entity (class) at the 
intersection. The initial entities lose their identity as the 
new class is developed. . For example, "A Swingin 1 Rule" from 
the HSP module RUIZES provides a 3X3 table for the number of 
swings that occur when each elements* * of one set (size or 
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Number of Swing's in 30 Seconds 
Medium . 

Small Weight . Weight 



Heavy 
Weight 




String Length * 

6 in. 
§ 

12 in. 
, 18 in. * 

Figure 2. 

weight) intersects with each element of a second set (string 
length). Notice that the entries within the Jtable (frequen- 
cies) are different from the entries that define the in£er- 
.secting classes. Also notice that the entries within the 
table define a ' single entity whereas the entries within a 
— Correspondence table (Figure 3) essentially involve two, or 



Hair 
Color 

Brown 

Black 

Blond 

Red 



Eye Color 
Brown Blue Hazel 



tfypes of people 



^Figure 3. ~ ~ »~ — — 

more, entities. In intersection the elements that define the 
classes that are intersected define a "new entity. n For 
example, in completing the. matrix the intersection of three 
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eye-color classes with four hair-color classes requires the 
student to generate new classes— types of- people* . . ^ 

Correspondence 

Item 7 from Form A of the 1976 version of How Is Your Logic?' 
and also, Item 2 from Form'B^of the 1976 version~oT Howls 
Your Loaic? Both of these questions asK the student* to iet in" 
correspondence each element from one class with* each element 
.from another class For example, in Item 7 of Form A 
{Figure 4) the student -is asked to set in correspondence each 



A r.l*7» | 

fm u m 



A ftKWf Of «|£JU» DfCIOt TO 60 OArfClNft. THt« U[ f |y£ «m 
At (a), |0t (l>, CKUCK (C>, DAN <»i. ANO JOHN (j). AIO f lV£ 
WMtN. LOuftt (l). HAAS HA (h),.NaHC* <N>. *ALLV (S>, AND 
TIM (T). IK* HAN MARTS TO OAUCt v|T* EACH KORAN. 

>rtlTt ALL Of TM£ KSSIM.C HANHfOKUl C0W.£S Of DA«tU T«« 
*>IAJ> IC If CACri MAK DANCED *IT* EACH WOMAN. U$t THf f ItST 
LITTW Of tiCi fEftSON'S NAME IN vOJt AKSWtt. 



ANS*tft' 



Figure 4. - * * ' 

♦ 

of fre elements f-rom the class of men with each of the ele- 
ments from the class of women. Notice theft when each element 
of 2Qe class is- set in correspondence with each ~eTeme nt , of 
|no^£ class, a complete matrix is p^oducedTAlso, noticl 
that the elements that make, up .the body of the table still 
SSSiJ^ o^inal identities, that is, there are two 
elements that "makeup"- each cell, of the body of the table. 

"Where, Do They Live?" from the HSP module on "BEHAVIOR. - • 

This activity requires tfte same logic as the^items described 
• above. . However, the' results are different because one ele- 
# ment pf a. class is set in correspondence with one* element of~a 
||COg class, (that -is, the. picture of the^ddll-cTals-^miTir 
2in , y . ? e Se - in ' corr espondence with the white frame 
S - rlf SS 1 Amer - ican familv hous e; no other, correspondence of 
^he middle-class Amefican family^ with - any other house 4s 
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Pictures 
* of 
People 



I 
2 
3 
4 
5, 
6" 
7 
8 
9 



Pictures of Houfees 
ABCDE FGHK 



Figure 5. . * f 

Notice that > the form of the resuft is similar to the table 
in "A Swingin 1 Rple," the logic is identical, but the entries 
in the table ar^. diff erent-r^there is one and only one correct 
entry for each class. Thus, the result of this type of cor- 
respondence is a single line of correspondence in contrast to 
a complete, matrix as described for the items from How Is Your 
Logic? It is still coded. as ,II3>Br~correspondence of classes. 



V. Seriation (ordering / sequencing , adBitjon of asymmetri - 
cal relations ) . L Item 1 on, Form A (Figure 6) of the 1976 version of 
How .Is Your Logic? -requires the* construction pjE an ascending (increas- 
ing) series. Item 4 on Form A of the 1976 yersion of How .Is Your 
Logic? requires the construction of a: descending (decreasing) series 
(Figure 7) . ' . . • 




' Off T* LIRIS ilLOtf. KKITC TMI LITTIM Of IMC tOMMIS M0H 
MALLUT tO UUtttST. 



ON TNC LI MS SOON. WRIT! THE MMT ITTTl* Of TW •OTJ* wUlt 
f*mjMl TALUtT TO TNC SMOftHST. , * 
(TALUtT) 




(LMWJT) 




the' intersection 1 of ' "^"P 11 "* 1 ™ " f gelations this- topic includes' 
serii Ti t r reLtiL^nf nS L TO " eS ^ ndence of relation, from one 
duplication o* Stl^. 86 ?' one-to-one or bi-univocal 
tions!' relations, and^ many- to-one multiplication of rela- 

' * i 

*' A# Intersect ion of Rel atione 

~~_ » f • * 

^ ^ s r ti0 TVl/; ia i ti0nS is anal °^ to • intersection -of 
t^llr „ The student is required to creating a new series 

rSS&r^ ,V he ! r . i9inal SeCi ? S ' In intersection the 
relations that define the two series thkt are • intersected 

" ^" ne a new % ntit *'" ^r example, Ken, 8 of Form A of -the 
1976 version of .How Is Your Wc? requires a student to 
take one serle* (in^reasin^-STand intersect that series 

' Tpiqur^ Tote* siz *> *> complete £. matrix 

. figure 8). Note also that the entries in the table are 
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IS! "cp 
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«« A »1T(H ■> tMUi Wt NIMH OF EACH OAA.IW l> I«f 
•OXf! IH.tt A..,! OF ,„£ ,„„,» ,„ „ 

•c*«. you nm ccw.,1, ,«, ,,„,„ „„ , tt( „„ 



Figure 8. 

defined by the joint position when both series are simult, 
"Sns ta tM n int0 " n ^ti°»' Also, In'iltiSopSS of 
fll?2? i , ?° Sltion f^quence) of the Elements in each 
individual original series and the resultant matrix Ire of 
prime importance,- whereas in multiplications of classeT thf 

whereas in A7 m * correct positioning of each element, 
^s^a^aole 7 ! "* °" erin9 ™! ** ^ ^ 
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B. Correspondence of Relations 

Items 6 and 7 of Form'-A and Items 3 and 7 of FQrm B of the 
1974 version of* Hpw Is Your Logic ? illustrate these opera- 
tions* [ All of these questions require the student to set in 
correspondence one element from one series with one , and only 
^ one , element from another series . Fbr .example, in Item 6 of 
^Form A of the 1974 version of How Is Xour Logic ? the student 
is askech to set in correspondence one of the elements fronrthe 
series of boys of different height with one of the elements of 
the series of fisijing fcoles of different height (Figure 9). 
(The second shortest ' boy should coincide with Jthe ' second 
shortest pole and the third shortest boy — Guy — should Coincide 
with the third shortest pole.) Note that the correspondence 
established is between two increasing series (that is, as the 
boys get taller,' the poles they are using get taller). 



DON IS THE SHORTEST OF FOUR BOYS; M. THE KXT SHORTEST. 
9 fiUY. WE NEXT SHORTEST, AND RAY, THE <XT SHORTEST. EACH 
BOY (MS A FISHING POLE, WITH THE SHORTEST BOY OWNING THE 
SHORTEST POLE*. THE NEXT SHORTEST BOY. THE NEXT SHORTEST 
POLE/ AND SO ON. 




WHICH BOY IS TIC SECOND SHORTEST AND OWNS THE SECOND 
SHORTEST FISHING POLE? 



a — 



[WYJ 

ra 



NONE OF THE ABOVE ANSWERS IS CORRECT. 



AN X ON YOUR CHOICE. 

Figure 9. 



BOB IS THE RICHEST OF FOUR HEN. TIN. THE NEXT RICHEST. 
FRED. THE NEXT RICHEST. AND JACK, THE NEXT RICHEST. THE 
RICHEST MAN OWNS THE SMALLEST CAR. THE NEXT RICHEST JAN. 
THE NEXT SMALLEST CAR. AND SO ON. 1 




T?|> FRED • JACK 

WHICH MAN' OWNS THE SMALLEST CAR AND IS THE RICHEST KAN? 

| BOB | 
| JACK [ 

' E 

| NONE OF THE ABOVE ANSWERS IS CORRECT. | 
MARK AN X ON YOUR CHOICE. p 

Figure 10. 



Item 7 of Form A of the 1974 version of How Is Your Logic ? 
uses the same logic (Figure 10). However, the correspondence 
is between an increasing series (richness of men) and a 
decreasing series (car size). Note also that the results of 
this type of correspondence is a single line of correspond- 
lences in contrast to a Complete matrix. 4 

Activities requiring concrete operational thought are to be 
coded for one of the six categories (I, III-IV A, III-IV B, V, 
VTI-VIII A, yil-VIU B) of concrete operational thought 
describe^ here. The code will be placed in column 70 on the 
optical scan sheet. • 
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• Is to th, to n . activity, Activities are to be categorized 

; - is tl £ S i "! C ° ntent cate 9<? ries '* First/ the major, content focus 
ll Z -k It' h f"r a < second and third code must be given, if needed- 
• to° t^^^^^: " Th "? C - tent Sill be assigned 

^ ^° d " J" the f -° llow . in 9 manner. Select the major-content descriptor, 

ft 71 - "i W ^ ' n ° ° ther COntent ^ Urce in the a ^Si?.y 
repeat the code m columns 72 and 73., If there is only one additional 

content descriptor- for the activity, code the major content source in 

both columns 71 and 72, and .the second content source in column 73. If 

there are three or more cotjtent .sources,- select the three -that best 

fes S ^So the ^ ent . ° f the aCtivity ' ' Then 8el «* the ma'o content 
descriptor and code it in column. 71. Do not try to code IhT-remainlng 
two content codes hierarchically; cbde The lowest ' numbered content 
source in column 72, and the highest in colum^T "HotTTha ever^y 
activity must have ^ a contend code number in. columns 71, 72, and " 

S ( ^s a\ r^d% f f°^ COdin9 ACt4vity D6SCripta ° nt ° Pin * «5n 
bneets at the eqd of this memo.) 

1# frS'fr Ci ?" CeS : i Th T C ° ntent ' ° r ' P r Q ce ss(es),used'is(are) derived 
, from or directly -related to one of the subdisciplines of the bio- 

logical, medical, or health sciences. » * £ 

ITi^f S ' cienceS ' . The - content or process (es) used is(are) 
rZJl T ° r dlre " ctl y related tD one' of the subdis.cipli'nes of 
, physics, chemistry, engineering,' or materials sciences. - 

, ^" Sciences . The .content or process (es) used is (are) derived 
from or directly related to one of the subdisciplines of geology, 
oceanography,- astronomy, paleontology, astronomy, or meteorology 

Behavioral -Sciences. ' .The content or process (es) used is'rar^ 

w"h ve hu/ar : r dire r ly related toone °*£~£^j?2SL 

tions of h a ° " arriving at .the establishment of generaliza? 

■iiSL^fln ™" *7 ha 7 10r • S ° C . iety ' i - e/ ' ^y^ogy, sociology, 
anthropology, archeology.- . , hi 

Social Science . The content of process (es) used is (are) defived 
" I plated- to one of the sciences that deals with the • 

institutions and functioning of human society and with the inter- 
personal relationship, of individuals as members of society, i e 
ecdhomics, political science. s , Y ' 

Humanities The content or process (es) 'used is (are) derived from 
7 r d t0 MSt0ry ' ^-W., literature, and 

oT 1 !^;'* .T ten V° r Pr ° CeSS (eS) " used is(are > derived ^om 
- d / r ?? tly related to Objects for which aesthetic pur- 
poses are, primary or uppermost, such as painting," sculpture, draw- 

arcMtectur? Cture ' " mUSic '' cerami «' dance,, drama, or landscape 



3. 



4. 



7. 
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8. Mathematics . Tbe^content or process (es) used is (are) mathemati- 
cal.* ^ ' , 

9. Other. The content or process (es) used does (do)' no.t fall into 
one of the above categories., 

" S, E. What students do in the activity . This category is used to 
code the central "doing" that students engaged in as they used the 
activity. An activity may have more than one "doing." Three, two-dig^t 
codes will be used to describe 'what students do. Each "doing" must be 
critical to the achievement of the activity goals. In some activities 
there are several of these* "doings." For example, in "Strange Fossil" 
(KNOWING), constructing is' the most necessary "doing." It is one thing 
the student mus<T do ta get the "gist" of the activity. Note that we 
are not^ coding for outcomes, but for what the .student does .' Creating 
would be a second descriptor, as the student is to create a restoration 
from which deductions are to be made. Without the creatibn, the- intel- 
lectual purpose of the activity is /lost., Note "that the focus of the 
activity can be captured by these two descriptors. There is reading in 
the activity about fossils, but the reading is limited. We may not' be 
able to code for all the characteristics of each afctivity, only one, 
two, or* three, just the most important "doings." ✓ 



Some categories are self-evident aftd, therefore/ will have limited 
definitions; as these categories are used, more precise definitions may 
*be developed for *them. Deciding a primary or secondary "doing" would be* 
difficult and 4 probably arbitrary. The three* codes for each- activity 
will be descriptors without weight or precedence. In coding, the lower 
number will always be coded first, the next^ higher number, second, and 
the highest number, third. In this way activities with * the same 
"doings" will have the same code. If an activity has^only one "doing" 
it Will be triple coded for that characteristic xlf only two "doings" 
are assignjed, the ^feecond "doing" will be repeated, but will ' not be 
evaluated as a weighting. ^ 

* * - 

, Appreciating . e A noncognitive act of positive awareness or posi- 
tive recognition of some object or event. { 



Calculatirig/Computing/Graphing . A single category in which one 
of more of these operations .is central to the v conduct of # the activity. 

Constructing . The student must build, put together, or in some 
other way co nstruct something in order to carry oilt the iptent of the' 
activity. 

Creating . The preparation of something novel, when the student 
is apked to produce a novel product and nok give criteria for judging 
whether the product is the "right" product. < 

Deciding . Includes decision making, coming to a choice among 
alternatives for a course of action, and arriving at a • concensus by 
group. A decision usually implies action or ^potential action.* 

J " • \ 



■ s ^T^^0Z^' ^ 6 8 > U - e - nt ' mUSt 9 ather '<3ata systematically under 
spedified conditions. Variables .or controls need not be specified. ' it 

controlle/ 0 - ^hgring (below, in being systematic and 

^t^^ll. C ^ m ^ 0n * U - essentia 

> * * 

over rlBl^ f ^ StUd \ RtS Catin9 f6r plants an6 ^ animal s 

nZl of? p ° r W6ekS ' Where ™"t»«ce is,an essential compo- 

nent of successful]^ meeting the activity .focus. 

r^'^T?' ."^V b °° klet ° r b °°* int egraP to the activity must be 
, read- for the student to do the activity successfully. Activities with 
long internal- narrative/ such as "Time Travel Into the Paleozo c " wSd 
be coded once for reading. * * 

a K ^ 1 ^ 6 " 1 "? ' When the ac :tivity depends on the student listening to 
a tape recording, record,* stfethosdqpe, or other sound device. 

tance^!^' fc^ 68 the decision \that a" is of more worth or impor- 

SmSr!? t - V s COm P arat . ive and W than two alternatives mafbe 

Tone of *h i?**? ° f the ""P"**" »«* result in a higher value 
on one of the alternatives. • v«xuc 

flat ^ictury'o 1 "^ /" cludes the use of silent film, film loops," 
™L ' ^ u' ° verhead transparencies, slides, filmstrips with no 
sound, wait charts, and posters. \ ' 

maki n^ f nr?nvi° n \: Gat L hRrint? - Meas ""ng, . counting, taking- photos, 
making prints of objects, diagramming, sketching, de'scribina 
recording observations in natural settings are examples o data ^thirf 
ing. It differs from experimenting in that data gathering takes place 

to con^ol 11 ^^^ 6 " 8 With "° att6mpt * ~^ VlZlf™ • 

w* , In > un ? n . ar y' each ' activity will be boded for one, two, or three 

2?3T« T « . COdi 1 n9S be tWO " digit nUmberS ' coded i" columns^s 

and 79 on the optical scan sheet. ; 

.Instructions for Coding Activity Descripta 
onto Pink Optical Scan Sheets 

COded E S th^asL T- haS an ° ptical Scan sheet al ^ady 

V i data ' and/ P erna P s ' °ther data. The descripta will 

Se^bTlcT 8 ^ thrOU9h 76 ' ^ C ° ding f ° r each ~* 
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Major Activity Focus 
Craftsmanship 
Affect 
Cognition 

Craftsmanship and affect 

Craftsmanship and cognition 

Affect and cognition 

Craftsmanship, affect , and cognition 

Not codeible into the above categories 

Types of Knowledge * % 

Figurative 

Operative- (Concrete): 
. *I. Addition of Clashes 

III-IV. " Multiplication of glasses: 
" A. Intersection 

• B. Correspondence ^ 
V. Seriation 

\frl-VIII. Multiplication of Relations: 

A. Intersection 

B. Correspondence 
' Formal Operative 

Not cqdeable ^into the above ^categories 

Content of the Activity * * 
Biology 

Physical Sciences 

Earth Sciences , a , 

Behaviotal Sciences. 
Social Sciences 
Humanities v 

Fine Arts < * - 

Mathematics 
. Not codeable* into the ^bove categories 

What Students' Do in the Activity * • 

^ Appreciating # 

Calculating ' • v t * * 

Constructing ■ 
. Creating 

Deciding*. ,* / 

Experimenting 

Interviewing 

Listening/Watching 
. ' Nurturing 

Reading 

Listening 

Valuing 

Watching/Viewing * 
Information gathering 

'Not codeable into th4e above categories 



Co<& 



1 
2 
3 
4 
5 
,6 
. 7 
8 



2. 

3 
4 
5 

6 
7 
8 
9 



1 

2 

3 

4, 

5 

6 

7 

8 

9 



11 
12 
13 
14 
15 
1.6 
17. 
18 
•19 
20 
21 
22 
23 
24 
25 



C olumn 

69 r • *, 



70 



J* 



71-73 
V 



74-75; 76-77; 
78-79 
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k /SECTION IV' RESEARCH STUDIES'. OF SCIENCE -INSTRUCTION 
• ' , IN MIDDLE AND JUNIOR HIGH SCHOOLS ' 



CHAPTER 1 
SCOPE AND PROCEDURES 



j The goal?,, of this phase of tiie study of middle and junior high' 
* science schooling * was twofold. First, »a comprehensive bibliography _ of 
Research to be developed. • Second, a topic (or topics) was selected for 
analysis and synthesis and* a report written summarizing the research. 

V 

The intitial bibliographic search covered papers published between 
January 1^~ 1960 , to DecemSer 31, 1980. Research prior to I960 did not 
reflect the impact of the national commitment to improve 4 science 
education. In the 1960s, resear<# studies had begun to reflect the 
availability of computers for statistical" analysis, which changed the 
kinds of studies that could 'be aone. The bibliographic Search included 
primary research sources only and limited the school context to middle 
and junior high schools, the»gr&de levels to grades six through nine, 
and the student ages to ten to f j£teen years, 

- A middle school, for purposes of tl^is study, wa'fc defihed as a 
school administrative organization including two or more grade levels. 
Generally, this* included grades six, through eight, but in some circum- 
stances, grade five. Junior liigh schools wefe defined as school organi- 
zations with grades seven, eight, and nine. * 

The assumption was made that school context might influence the- 
outcomes 6f research. For example, studies of sixth gr^dets jln a middle, 
school science program might not be genera , y.zable to sixth-grade science 
programs in elementary schools. Studies of student attitudes toward 
- science in junior high schools mighty produce a range of results that 
differed from student attitudes toward science in a middle school. 
These conjectures might not hold, but the initial plan was to identify 
school context as a potential variable and $p ^conduct any analyses 
within. each context before making analyses 'across contexts. 



Literature Search 

' Building as pomprehensive and exhaustive a bibliography as possible 
wa& the first task. Initially, a computer s§arch of the ERIC system was 
made using the parameters of the study as concepts in the, search. 
Searches were also made of- Volumes 15, 16, and 17 of the Journal . o£ 
Research in - Science Teaching and of Volumes 63 and 64 of Science 



V 



Education.' Papers that fell within the parameters were^afdded to the 
bibliography. Papers cited- in. the selected papers that appeared -to be 
relevant to the study also were added. When these citations were 
matched with the output of, the computer searches, it became evident that 
'•the computer searches were not .complete enough to be the only technique 
used in developing a comprehensive .bibliography. . •* . , 

Dissertation . Abstracts was searched, through Lockheed's DIAtO^ 
system, using the same general techniques as those used with the ERIC 
data base. The following bibliographies were searched for additional 
publications and papers: , v, " 

* m m 

Helgeson, S. L. Science Education , ff Dissertation Bibliography . 
Ann Arbor- t Mich.:- University Microfilms International, n.d. (Li^ts 
t3octoraL dissertations, from 1950 to May, 1977. )■ - ' <* 

, Held^son, S. L. , Howe, R. W . , and White, A. L. Science Education , 
Abstracts and Index from Research in ' Education , 1966 to 1972~ Wirth- 
ington, Ohio.: Education Associates, 1973: 

• Helge.son, S. L. , Howe, R'. w. , and White, a. It. Science - Education , 
A Bibliography of Abstracts from Resources in Education (RIE), -from 
1973-1975. Columbus, Ohio.: Sciences-, ' Mathematics, and Environmental 
Education infojmation Reference Center, n.d." . 



Table 1". Distribution of 
doctoral dissertations 
concerned with science 
subjects taught in middle 
and junior high school, 
1960 through 1980. 



'■>' ~. 
Year 
1$60 

■»i96i- 

1962 

1963 

1964- 

1965 

1966- 

\ 1967 
1968* 
1,969 
1970 
1971 
1972 
1973 ■ 
1974 

' 1975 
1976 
1977 
1978 
1979 
1980 



\ 
3 
5 
6 
2 
7 
17 
•23 
22 
31 
13 
33 
27 
36 
22 
21 
18 
29 
26 
28 
13 
17 



cum f 



3 

.8 
14 
.16 
23 
40 
63 
85 
116 
129 
162 
189 
225 
247 
268 
286 
315 
- 341 
369 
382 
'L 3^9 



This literature search-, 
resulted in a .tentative bifa&iogra-*' 
phy of* 399 doctoral dissertations, 
169 periodical articled, 9 techni- 
cal reports, and 7 " uhpubMehed 
papers. Table 1 shows the distri- 
bution by * year of doctoral 
dissertations oited in^-Disserta- 
ti'ons Abstracts International . 
Relatively few " doctoral studies 
were devoted tor these subjects 
until 196'5f with a peak number of 
studies . completed ' in 19172. Half 
oft the studies found were cited 
between 1972 and 198'0^ The period 
1972 .€0* 1980> A Showed variation, 
with a range of 19. The last^ two^ 
years reflected a decline, proba- 
bly representing the decline" in. 
doctoral , students in" science 
education." 
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Table 2'. Distribution of 
•periodical papers concerned 
with science subjects taught 
in middle and junior high 
schools, 1960 through 1980. 
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k The periodical literature 

' sh6wed -a different pattern* 
Table 2 *shows^ the number of 
studies published each year from 1 
1960 through 1980. Half * of the 

, papers were published in 1975 or 
lalter. These data' Show a steady 
yearly increase' since I960. ^§|}his 
increase in the numbei^.of^rese^rch^ 
studies concerned wilh * science 
teaching, and - learning of egfrly 
adolescents is most discouraging. 
'^However, >if * this pattern is 

, directly, related to support of 
research on early adolescents by 
the National Science Foundation, 

- it ma^ be *4r y^ftp r.t-li ve<|* 
phgnomenon. 

* These various <searches^ pro- 
duced the bibliography at th£ end 
.of this section. Most c of the 
actual papers, have** nojt been used 
4 to' ascertain, if 'their substance 
actually meets the, criteria for 
Inclusion iit <fche bibliography. c " 



Topics Selected' for Investigation % 



A review of the citations and of the reviews of scieheje education 
research published in Spience Education led the' investigator t^b 
select -two' topics for further investigation: teJct analysis and inquiry. 
Text analysis was chosen because of the continuing prevalence of the, 
text as the^ dominant curriculum material for science teaching in middle 
and junior ~hfgh schools. Also, .the text analysis wa's ; not a prominent 
topic in published reviews of research in .science edu6atioa. Inquiry 
wife selected as a possible topic because of its 'apparent limited use in 
the schools, as reported "in Secticm II of this* study, as well as its 
Advocacy by many science educators and its apparent effectiveness in the 
classroom (1). H ' - . 

New searches using DIALOG were conducted on the ERIC, Doctoral 
Dissertation, and PSYCINFO data bases. These searches used ^dditiorial 
concept *terms such as texts, comprehension, text II analysis, inquiry, 
discovery, and related terms. Both of these searches produced new 
citations. 'Papers, microfiche, and microfilm materials wete 6&tained 
for text analysis and inquiry. Tiipe was available for completion of .the 
study of ^research in text analysis that makes 'up' the first chapter of 
this section; , / % 
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The ERIC v and Dissertation Abstracts indices were searched using a 
set of science descriptors/ middle "or • junior • high/school, and specified 
grades five through nine.. ,Th«e sets of de.ocriptors were then combined 
with a set of .text, research, • content,, and evaluation descriptors to 
produce the final set of search concepts.. The yield from this search 
wis 21. doctoral dissertations* ' Ten of these- dissertations had not been 
found in the initial . searches fbr research -studies using identical 
descriptors except for those regarding text research. Through addi- 
tional-searches of the bibliographies -of papers and dissertations and of 
reviews of relevant research known to the investigator, a set of 50 

iSSlJ^J? 88 ^ 8 ? 3V of tex « analysis research that 

involved middle and junior high school texts and/or students. 
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CHAPTER 2 

"SCIENCE "TEXT MATERIALS FOR EARLY ADOLESCENTS : 



A REVIEW OF RESEARCH 



The textbook continues to be the major curriculum source for 
instruction of middle and .junior high sriyx)/ students in science. This 
review summarizes current knowledge about text materials from the 
research literature published within the last two decades. Rather than 
reyiewirig all of the research that could be found, the investigator 
choee to build on the 'bread base of published reviews of the literature 
on this subject and to incorporate research rep&rjts dealing specifically 
with students- in grades six to nine. Due to lack of specificity of 
school contexts, .students may have been in elementary schools in -grade 
six 9 and in senior high schools in grade nine .in some of the' research 
reported* Wherever possible^ school context was indicated to avoid 
confounding interpretations by assuming that school contexts were of no 
consequence.. / ' 

In their "A Summary of Research in Science Education — 1978," Gabel, 
Ragan, ajjd' Sherwood (2) concluded that studies on reading and language 
skills can" be summarized as follows: « f •* 



1. 

2. 

37 

4. 

5. 



Contrary J^o previous research, no positive relationship was found 
between science instruction using the science process skills and 
reading achievement of young, children; - 

Reading and science achievement are positively relatedl i . m \ 
Readability ftffmulas can be used^rto/assess the reading level or 
science texts with good acguocy. ^ ' • 

Pictorial diagrams m^^Uob enhance textual ^materials 'sufficiently 
to ^ause an increjaein achiewment. d> 
Textual materTcffs with"- a. high kinetic structure arel nore^eff ective 
than those with Pess structure. " A \ 

In another^ summary of text research, McDonald-Ross f3) indicated 
that the past decade of studies had reinforced, bqt not transformed, the 
standard procedures of curricular design. This may^e tne re^xit?bf the 
lack of fruitfulhess of .many research, questions. McDonald-Rossr observed 
that there'is a* "notable lack of howyto and when-tb/whe©Vnot--to informal 
tidh" that can* be supported by re^gearch that would assist writers of 
texts and other instructional materials. , f> 

In his review of science education research "for • 1979, Butts (4) 
'found only 22 studies *that were concerned with the "Learning context for 
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w^Mn 6 that considered content or method of instruction. 

lit*l. J , category, he found limited evidence that Ncontent and 
f™? Ctl ° na \ S tra tegies have, different influences on students of dif- 
characteristics. His general summary was that instruction in 
'l^Zlj increases achievement and that some instructional 

strategies were • related * to achievement, attitude's,- and outcomes. In 
' t h l e r 7 ieW ' C ° ntent and strat *gies of instruction "can be defined a£ 
the science curriculum" (p. 378). Advance organisers, graphs, and 
simulations were categorized as -instructional strategies in some 
other"??' t0tal >Science curriculum was similarly categorized, in 

Butts pointed out 'that the confusion in research about classroojn 
learning may be caused by the independent 'variables being too global and 
too unspecified .to precisely identify treatments or effects, someday, 

SSTTk ° bS !: Va f i0 ? f Vhat St " dents d «° in classrooms may be more import 
tant than terminal butcomes. ^ r 

*t . ' ' - 

««1v l^l 9Ur " nt 1 reVieW takeS a m ° re "stricted approach by considering 
only text materials, either as objects of research or as variables in 
research studies. This chapter 'reports research on five, topics with In 
the study of text materials: content analysis, .comprehension^ pictorial' 
adjuncts or alternatives, supplementary materials, and readability it 
. will be terminated with a discussion of the outcomes of the research 
reported and in the potential up of such research for the improvement 
of science instruction in middle and junior high schools. - pr ° Vement 

Research Studies of Content ih Science Texts 

• * . t/ * 

of iunlor hfcf? , Pr f ?nt6d data inter P r etations about the content, 

utiliTinJ E? - 8ClenCe ' teXtS * The StUdies were all- empirical, 
.utilizing checklists, categories and tallies, rating scales, or similar - 

£SS! , 9n K , by the investi 9 at °rs. Four of the, frve studies 'are' 
briefly described in Table 3. ' * 

• Th^- study by Janke (5) indicated similarities in which earth sci- 
ences concepts were included or excluded. Thlft paper examined the 
concepts presented, but not how, or ip, what detail, they «or?^tia 
A slightly more defied analysis ( 6 f indicated greater variation among 
texts when the unit of analysis was "principles." The paper available to 
this investigator did not include enough information to determine if 
"concept" and "principle" were different constructs. "ermine * 

LaDuca (7) and Yost (8) conducted more "detailed,', but limited, anal- • 
ItltnL SCie n nCe t6XtS (9radeS 4 t0 9) ' In «** instance!, the more 
SSS^l Pr ?^ d l" 3 ^ 1 differences a ">°ng the texts analyzed 

SZ^ZJk *= f f that i^iry-oriented texts did hot use "the 

ine'ss Tf the JSL 7* ^T* findingS (Table 3) itldicate the arbit "- 
hf i ^ ade " 1 l ev ? 1 Pigment of content ideas in astronomy, in the 

found in oSr'o'/^ 1161 thiS Same arbitrari -ss of grade placement it 
found in other content areas needs to be investigated. 
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Date: 1969 

Investigator : 
Hanson* K. T* 

Purpose of Study: 
To* identify earth 
science principles 
in 5 content areas, 
and to determine if 
Alabama texts 
include these 
principles. 



Date* . 1969 * . ' 

Investigator: 
Janke, D« L. 

Purpose of Study: 
To identify a sample 
of earth sciende 
concepts rated as 
important by experts 
for t inclusion in K- 
12 science programs 
and to identify if 

. these concepts were 
included in current 
• science texts, K-12 



Methodology 



1* Listed principles 
in astronomy, geology, 
physical geography, 
meteorology, ocean- 
ography. : • 

2. Expert judges „ 
validated •principles. 

3. Junior ( high teach-* 
era rated importance 
of each principle in 
junior high science* 

4* Current eighth- 
grade earth science 
texts used it* Alabama 
schools were analysed 
for inclusion of 
principles* 



1. Used -three panels c 
of sdho^ars to prepare 
and revise list of 
concepts^ 

2. Selected random 
sample of five elemen- 
tary science series, 
five physical science 
series, and five earth 
science series for* 
analys: 



Findings & 



1* 199 earth -science 
principles were 
listed* 

2* Expert judges rated 
121 principles a 
essential for under- 
standing earth 
sciences. 

3* Junior high teach- 
ers rated 108 princi- , 
pies as essential for 
junior high science 

4. Texts varied 
widely. 

a. There were seven 
times as many meteoro- 
logical principles as 
physical geography 
principles in the 
combined texts 
analysed. 

b. On the extremes, 
one text had over 
seven, times as many 
principles as 
another . 



1. Scholars agreed on 
52, earth 'scienpe 
concepts. 

2. A 7 majority of the 
52 "concepts are 
included in: 

a* a general science 
series*' 

b. an earth 'science 
text* ■ 

c. an elementary 
series plus either 
"a - or "b." 

d. "a" + "V + "c*" 



mim. 



Methodology 



Findings^ 



Date: 1971 

Investigator: • 

. LaOuca, A. - 

Purpose of Study,: 
To ioentify teaching 
models in teachers' 
editions of selected 
(5) junior high 
inquiry science 
texts. ^ 



1; .Studied ten catego- 
ries of teacher behav- 
iors: closed-ended 
questions, open-ended 
questions, tell, 
relate, know (con- 
tent), know (proce- 
dure), demonstrate 
plan, manage, other. 

2. Sentences in teach- 
ers' editions were units 
of analysis. Over 
30,000 were coded. 

3. Frequency distribu- 
tions were^ prepared 
for all texts. 

4. Differences la fre- 
quency distributions^ 
were determined by 
pairing texts on one' 
of foyr dimensions: 
were physical science 
programs, were for 9th 
grade, were for 7th 
grade, were produced 
by the Same project. 

5. Statistical tests 
for differences were 
made by £he chi-square 
test and Spearman rank 
correlation coeffi- 
cient. 



1. All pairs were 
different (p<.001). 

2. By the Spearman 
rank correlation 
coefficient two pairs 
produced by the same 
curriculum project , 
were found to be simi- 
lar in teacher behav- 
ior distribution. 

3. Three, groups were 
identified, each inter- 
preted as defining a 
different "inquiry" 
teaching model. 

a. Lecture/Dimension 
Model 

b* Inquiry/Dimension 
Model 

c. Process Management ■ 
Model 

4. Model "a" was 
judged to be seriously 
limited in accom- 
plishing inquiry 
objectives. 



Date: 1973 

Investigator: 
Yost, M» 

Purpose of Study: 
To determine if the 
number of studerit 
responses to ques- 
tions required by _ 
one text were, the, 
same 'as tho&e of 
others. (Texts were 
4th, 5th, and 6th 
grade*) 



1. The number of 
student responses per 
chapter ranged from 28 
to 90. 

2. Five elementary 
text series, grades 
4-6, were randomly 
selected from IS 
series that were r 
available. 

3. Only the sections 
on astronomy were used 
in the analysis (9 
chapters) . 

4. Expected student 
responses were listed 
for each text and 
compared. 



1. 18.61 of the 1 
responses required in 
one text were the same 
as those required in 
other texts at the 
same grade level. 

2. 33% of the 
responses required in 
a text at one grade 
level were required by 
some other text at 
some other grade 
level. 

3. The text series 
tended to have twice 
as much in common 
across grade levels as 
compared to within 
grade levels. 



Other Studies 



» 

a^^^ornTin'^iwi ^t* ' ln itS analysis '"">" those discussed 
fot*«JS U&l&cS, ^.TTo 06 iMOe cu " io » 1 ™ Programs *si1jned 
lorn Proieot /pirok »i . programs Kere the' Earth Science Curricu- 

science St^Lf"? S ° lenCe C " rrl ° UlUm <*>™- 
. Science (IDPK Intermediate s^i An D , evelofiment Program- Earth 

'ss.rh? >~ ™ * K IS 'Sce'^olec 0 ; 

methods of stating ob^Uv^ merhel ot9 ™ ,1 ^ J 1 - to ««— -** areas: 
relations to other ST^T^tttS 5klUS ' ^ 

high science P^Tl.X^ISSSr^.*!- 1 ' 1 -- 1 1— 



1. 

2. 
3. 
4. 
'5. 



JESS.* " i,POnSlblliCi ' ** to .develop their „ 

IT,^^ " lth science materials 

Sttz sr^or h^rfch^'rr 1 - « 

of obT^tive^l^vistonnr ^ *^ Umited deifications 

attention to has/* skiU V" 9 SP6Cial S ° tenCe Crests, and 

w*re designed tatl'^ ^ co^rastTol ^ ^ 
the latter being, recommjnded in JH i. ^ f ? general science use, 
grades.- The prVraS also !. literature for seventh and eighth 

skills and provided Ti, ,S l"*"' 8 to te able to- use basic 
meet expectations assistance to .students whose skills did not 

Especially noteworthy was the' value nf r „ 00 „ 
ules that provided a wider ran™ of «♦ „ 1 . P^ rams as mod- 

such as pictorial o U f& to u ^ experiences .for learning-^ 

9roup^. rk L thai f^ — te experiences, small 

3Sri ^aXsTeL^ • 

P emphases recommended across the three groups reporting. 
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The three groups were roughly equal on the Jevel of emphasis to be' 
placed on most iife, earth, and physical science topics. For topics 
rated "importat^" or "essential, n teachers and supervisors chose about 
the stole number, but national science educators^ chose fewer. Similarly, 
national science educators designated more topics as "unnecessary" or 
"relatively unimportant" than did the other two groups, who were roughly 
equivalent. Similar, but not identical, patterns were found in examina- 
tion of the questionnaire by life, physical, and earth sciences 
.categories, Moore summarized his findings 'by stating that the junior 
'high science teachers studied tended to be more concerned with content 
coverage than national science education specialists and Texas science 
supervisors. This finding is consistent' with data reported by Ross (12) 
regarding the high content (science terms) densities of the most highly 
used science texts in middle and junior high schools. 



Significance of. Research Findings 

• • . * x • : • -i 

Text differences at the detailed level where it is most likely to 
^impact on student achievement suggests that more and mor^e detailed text 
analyses are fully warranted. This is especially needed where standard- 
ized tests are used to measure student achievement. Content variability 
indicates that any particular standardized test would most likely match 
only a single text. Further investigations into content not explored in 
these limited studies and comparisons of content with standardized tests 
would be important contributions to instruction assessment inter- 
relationships. 

Zorn's (9,10) analysis r of nontraditional texts and curriculum 
t programs supports the claims of the developers 6f nontraditional materi- 
als that ^heir "products are different from the available texts developed 
in the author (s) /publishing hous^Jtradition.' Differences in the method- 
ology and^purpose Gf this study with the analyses of- texts developed bjr 
publishing houses preclude more substantive * Comparisons of these two 
kinds of science curriculum materials. g • i 

The methodology of the studies utilized here were . essentially 
empirical Yost . (8) used an operant approach grounded in behavior ist 

* theory, an important departure from the norm. * New approaches to text 
analysis (for examplee,* 13) need to be applied* to texts used in middle 
schools and junior high Schools. Such approaches .are theory-based and 
provide mbre powerful systems of analyses than those used hete. More 
detailed, theory-based analyses of texts, if made availble to textbook 
adoption committees, could make -an important contribution to the quality 
of the text adoption process and perhaps, in the long term, contribute 
to improvement in the quality r>f texts used for science teaching in^ 
middle and junior high schools. * 
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Limitations of the Studies 



middlf 6 VV^^/?**."* exa ? n6d the COntent of sci ^e texts for 
atZtltr \ 1 hi9h Sbh °° 1S ^ r P« r P°8es of comparison, one with 
T FT? °' f inferrin 9 "Hat science content ought- to be 
Zl^lt S CUrricula for early adolescents. One critical limitation of 
Nations ^ f at - investi ^tors did not > apply knowledge from colu- 

*?ic t^rv tlil^™^* C ° ntent analySiS lite "ture, ^ from Unguis- 
ric tneOry to improve their methodology. 

ate'L^s "l"*? 1 * imitation was in analyzing texts for inapfropri- 

matter T I 9 i 19 6XamP;e WaS the USe ° f ex P erts ^ subject 

matter- or a concensus from several texts to determine the ideas that 

would be appropriate for early adolescents. This lack of regard for Se 

developmental characteristics of early adolescents as a criterion for 

'ST^rTaE^' ™ — ^ —edge, £S no°t 

A 5 third limitation of the studies cited was lack of'rigor in con- 
ceptualizing and clarifying distinctions, such as concept or ? pr incite 
that were. fundamental to the issues being investigated. P" 001 ?^, 

Significant New* Approaches • • 

Recently new approaches to text analysis have appeared in the 
science education literature. Studies relevant to early adolescents and 
science texts designed for their use have been initiated by Audrey 
Champagne and'Leo Klopfer an_d their associates, and by Joseph NovaJ * 

Klopfer amP Xs\ e off Kl6 D P f er <: 06 Se , na ' and SqUireS < 14 > and -Champagne, 

content structure of text materials that could be used a a standi 

2 i :' t h "I 1 - Cb StU<3ent knOWledge "presentations could be judged * Th s 
approach to text analysis and to the knowledge structures of s^ude^s 
rests on the assumptions that the structure of a B^iLt matter il 

andTfc T*J\ th : WritiT,9S ° f 8cienti ^B in journals and' advanced te*s 
and "that knowledge- structure may be conceived, at least in part afa 
network of concepts and relations between concepts in memory- ' 2) ? * 

f . T A JT??^^ phyS ' ical geology unit on Minerals arid Rocks, within" 
jectTf studv .hi 16 Scien - < IS > Program, R was 'tZ su£ 

tJfconSAT to «b t a?n """V ° f the StUdy WaS to d evelop and test 

the ConSAT to obtain a measure of changes in student knowledge structure 

ITs^stuaL^ T d SV diaqnOStic technique, an assessment task to 
display students' knowledge structures, and as a tool for teachina 

th nivS jeCt m - atter * Th6 ' e U8eS a " " 0t * ermane to thf subject fot 



this review". 
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representations that could be * attributed . t& instruction. In this 
review, only the use of the ConSAT as a text analysis system is consid- 
ered. The qualitative^ system of analysis represents concepts and 
relations among concepts schematically. Figure 1 shows the hierarchical 
and transformational relations among 13 words selected from the "rock" 
task ^f.the Lyell Unit, Individualized {Sciences program. 

^ rock ^ 

weathers 

igneous ; — 7— sedimentary 




v marble 



Figure 1. Integrated structure showing hierarchical and transforma- 
3 t^onal relations of the 13 wpfcds in the Rock task (15) 

< 

Tl>e investigators found this qualitative analysis useful as a tool 
for comparing the content structure of text materials with student knowl- 
edge structures. To determine 'student knowledge structures, students 
were asked to take the same wo^ds, discard those not recognized, and 
arrange the remainder on a large sheet of paper to show how they think 
about the words and how the words relate to each other. From the 
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figure 2. The hierarchical classification structure of the section on 
^ rocks, Lyell Unit, Individualized Science program* (15) 
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lava 



magma 



forms 
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forms 
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granite 



analysis of text materials and from card-sort task data collected from 
students the i'nvesti gators derived classes of structure for the Rock 
task. V • p . 

? ' - ■ '• 

Figure. 1 shows two types of structures', hierarchical class- 
inclusion and transformational, integrated- into a single display. The 
classification Of rocks by class-inclusion and the resulting hierarchi- 
cal structure is shown separately in Figure 2.. 

The transformational, structure is shown independently in Figure 3. 
The investigators advocated the use of the ConSAT technique as a diag- 
nostic and assessment tool, as well as a pedagogical device to help 
students develop their analytic skills in, reading expository science 
text materials. They do not present research on this aspect of ConSAT. 

Difficulties were found in providing an ' integrated structural 
diagram for the Mineral task from the same text materials (14:53 T 58). 

This finding raisjss^ questions * 
about *the utility of the 
technique' in developing dia- 
grams that would display 
complex subject matter [ exposi- 
tion, or that would yilld high 
reliabilities between individ- 
uals 1 structural charts . 
However, the technique shows 
enough promise for text analy- 
sts (a use not f central to the 
-investigators) that it is 
discussed here to encourage 
science educators and teachers 
to consider its u se for s uch 
purpose. 4 

VThe investigators 1 
initial procedures, designed 
a to provide a quantitative 
analytic system developed from 
the theory of directed graphs 
simplified t^ show only the 
connections between words,* 
were not as 'powerful as* they 
had hoped. A standard, struck 
tured diagraph for the Rock 
section of the instructional 
materials was 7 constructed 
using the methods of Harary, 
Norman , and Car twr ight ( 16 J 
(Figure 4). A sum matrix was, 
calculated fbr this standard 
structure* Student knowledge 
- structures, quantified >, into 
sum' matrices Were secured 

and 
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justifying the relations among 13 words in the Rock subject matter. 
These matrices were compared with the standard matrix by calculating the 
absolute difference between the two sum matrices. C 

The investigators expressed dissatisfaction with the information 
loss from Figure 1 to Figure 4. The quantitative method,, of analysis 
resulted' in 'a poor correspondence between the qualitative and quantita- 
tive analyses. The investigators are, howbuer, continuing to study ways 
to improve the quantitative analysis. Comparisons of sum matrices from 
different text treatments of similar subject matter and studying student 
comprehension as a. dependent variable for substantially different text 
structures would seem to be fruitful- fields for study. 
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Figure 4. Diagraph pf the relations among words in the Bock section of 
the Lyell Unit of Individualized Science (IS) 

Novak/s et al. (17) used concept mapping and Gowan's "Xr" in their 
Learning to Learn project. Concept mapping is a process by which the 
science concepts of a topic on text or laboratory, exercises are arranged 
hierarchically and then connected by lines labeled to show relation- 
ships. ^This technique, grounded ,in Ausubelian learning theory, would 
seem to have promise as a basis for a text analysis system. AsNovak, 
et al. point out/ they "found gapping 'holes 1 in the laboratory exer- 
cises, or when the text presumed that the learner knew more than he/she 
actually did" (p. 187). "V" mapping* shows the active interplay between 
the conceptual structure of the topic as presented and the methodology 
employed by that discipline in the inquiry into the topic. ^ 

Together,' these analytic systems might be used > to display similari- 
ties and differences among texts or laboratory activities-. Experimenta- 
tion with different, text or laboratory treatments might then be -studied 
md^e effectively in relation to student comprehension, achievement",, or 
other variables. 



'Science Text Comprehension 



The jJersjTstent claims of science teachers in" middle and junior high 
schools that their students cannot read science texts* has failed to 
stimulate the' development of a community of science education scholars 
devoted to the sfeudy of the comprehension of science texts. Six reports 
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of research concerned with' comprehension of 'science text were found that 
used 11- to -14-*year-«olds as subjects. 



Research Studies 



In the earliest study, Blue (18) prepared eight science selections 
of approximately 900 words that were different from each other in three 
textual factors: readability score, style of writing, 'and use of 
authors definitions. His purpose was to determine if science reading 
comprehension was influenced by tl^fee ■ factors * and to explore the 
relationship of students 1 general reading comprehension and science 
• backgrdrfnd to their comprehension .of science materials. For the study, 
240 seventh-graders were selected randomly from* a suburban conpunity, . A 
sing^ 25-item, multiple-choice test was used to Aeasure student Compre- 
hension of r ?all eight passages, » ' - 

* 9 ' » " * 

I 

: Blue found that the three textual factors di\3 not Result in signif- 
icant differences- in science reading comprehension. Science comprehen- 
sion was related to high and low intelligence scores as measured by the 
CTMM, Short Form, 1963, The exploratory data results suggested a 
slightly more positive relationship between measures of general reading 
comprehension and science reading comprehension than between* measures (of 
science information and science reading compjehension,* .The exact con- 
tent of the two measures of reading comprehension (general and science)* 
and of science information wotild be needed to determine whether further 
research using these measures is warranted. The constructionist model 
of -reading comprehension could he challenged if Knowledge brought to the 
reading task (science* i*f oration) that related to the task was not a 
significant variable in comprehension, *• _ 

. : * - 1 " . % 

The effects of three types of advance, organizers in learning -a 
biological- concept -by seventh gtaders was^ investigated by Lucas (1972), 
The treatment used an audio, a visual, and. a written advance organizer, 
and, a control. An investigator-designed achievement test was* adminis- 
tered at the end of the' fdtur-week treatment. No differences wefce found 
across ^treatments, nor & were Ithere* any interaction 'effects for, treatment, 
!• Q., abstract reasoning- scores, or sex, - * 



Shjnurak (19Ku§gd-4^I middle school eighth-graders in a stu^y to 
determine if advance organizers . designed to match student cognitive 
styles would produce greater learning and -retention of expository sci-* 
ence material than unmatched organizers. Each. student^ was classified as 
haying a categorical-inferential, descriptive-part-whole, or relational 
cognitive style. Bach subject received^ onfe of four introductory pas- 
sages, about 300 words, that matched/his or her cognitive style, mjatched 
one of the other % cognitive styles, or was "a non-organizer, : Random 
assignment, stratified by sex, reading .ability, and cognitive style, .was 
made to treatment groups,. Students were given one introductory passage 
and an l,*100-word expository passage about tfie action ^of insulin, A 20- 
item> multiple-choice test was administered immediately after the read- 
ing and again one week latere ' \ ** 
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The .data did not* support the hypothesis that a match of organizer 
style with cognitive style would produce' greater learning and retention. 
Cognitive style 'was shown to ♦have a relationships to learning and 
retention for boys only, with a* disadvantage for boys with" a relational 
cognitive style. * , * 4 v ' * ■ - ■ 

Rivers (20) investigated the relationship between the use of ISCS 
materials as 'a. reading cburse and gains in reading -comprehension and 
vocabulary. Two content groups, one traditional ^science and one ISCS, " 
and one treatment 'group f< ISCS-Reading- Course^ were established. Intact 
seventh-grade classes in* three schools, were administered a standardized 
reading- test as a .pretest inrt^he fall aria p alternate form as a'j>ost- 
test in mid-year. » Teachers of 'the - ISCS-Rfeading Course werfe given a 
short workshop on special reading instruction. Analysis of » covariance 
indicated that both ISCS groups made significantly (pV iQ5) higher mean 
g^tins in both comprehension and vocabulary than djc| *the <studen£s in 
traditional* science. Descriptive .apalysis indicated; that , most of the. 
differences in gains between groups were made by s students reading feeloti 
grade level. Adapting ISCS for reading^ instruction did not .^seem to 
warrant the effort. , 

, B Holiday, Loose, and Whittaker (21) predicted >that students who were 
low in verbal ability and who were given a science text would out- 
perform students with low verbal ability who were' given the same text 
with adjunct verbatim^ study questions and that students , with Jiigh verbal 
ability would not be , differentially affected .by either treatment. In 
this carefully" done* ATI- study the 'investigators found that verbatim 
study questions adjunct to a science text were disf unctional,- especially 
for students with low scores on* a verbal ability test. High verbal 
ability students * either circumvented or jwere unaffected by such 
questions. * 

» * 
Karahalios, Tonjes/ and Towner (22)' proposed that prereading 
instruction in the form of advance organizers would enhance achievement. 
In a small rural school, 76 seventh-gradersi we're randomly assigned to^ 
/one of Aese treatment groups. 

Group 1. Read the chapter and answered. questions at the end. 
~ Group 2. Skimmed the chapter, attending to major heading vocabu- 
lary terms in boldface or italic type prior to* reading 
* the chapter and answering the, questions'. * 

£roup*3. -Studied a written handout that explained the major con-^ 
cepts using a simplified vocabulary plus a repeat of 
instructions for Group- 2. 

A one-week^unit on the measurement .of mass and lehgth was the topic 
of study. All groupg were given an identipal multiple-choice test 
covering the materials in the text at the end of the. week. A signifi- 
cant difference was found among 'groups (P 2,227 * 4.93r P .01) and on 
individual , comparisons ' (Scheffe Test) between groups ; l and 3 (p .05)'.,. 
Within the 'limitations of the* small sample size and laclc of control of 
prior knowledge,- the investigators concluded that advance organizers 
increased mean performance in achievement. ; 
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Schulz (23) also studied the effects of advance organizers on 
learning concepts of energy transformation, photosynthesis, and respira- 

?n°!L W nL%r th 1 9rade 5 8 ' Evidence about the role .of -advance organizers 
in tacilitating learning was inconclusive. 



Significance of Research Findings 

• « t 

« r 

The study by Holliday, Loose, and Whittaker (21) was the onlv 
Jheorv-grounded study in, this group and hopefully points science educa- 
tionjresearch in the direction of joining with and building on the 
important contributions being developed in cognitive science. Their 
*indmg<of the differential ^effects of verbatim study questions on stu- 
( dents with* low and high verbal abilities is especially important. if 
this finding is replicable across, subject matter fields with early ado- 
lescents, the commonsense practice of, using verbatim adjunct study 
questions with text would be highly suspect. Theory-grounded research 
on comprehension of -expository science texts by early adolescents would 
seem to have greater promise than the use of a fragment of Ausubel's 

£™l k m ? J nin9 l Ul Verf3&1 learnin 9 that grates advance organizers 
from subsumption J:heory and concept formation. • ■ 

"ioax * B l ie Jl ° f 1J text comprehension research such as that of McConkie 
(24) and McDonald (3), cite, a large body of literature that provides a 
theoretical basts for .science education research in text comprehension. 
No citations from the leading science education research journals appear 
in these reviews, it is hoped that this state of affairs will change in 
the near future. » ■ 3 



Pictorial Research Related to Science Instruction 



Holliday (25) prepared a critical analysis of 73 papers and books 

SETS* ^ heeff f tlVeneSS ° f P ict ° rials liSST as comm^i! 
cation media for science ' education. He- presented four general 
recommendations directed toward developers of instructional materials in 
science that could be supported *>y empirical evidence. Although it- 
could be stated in 1973 that pictures, in conjunction with related 
materials, could facilitate recall of a combination of verbal' and visual 
information, more empirical evidence is needed to' fuliy. support the 
.claim. There was enough research evidence to indicate- that the "prefer- 
TVJ^J**^^* ° f P ictures b * students and-teachers might not. be- 
ach*™ ° Ptimal Pict#re as defi "^ * ^udent 

The research cited by Holliday pointed out " complexities of what 
seems .to be, intuitively, a simple problem. The interrelationships of 
2" fc »« 8 ! P^ture sizes, subject-matter presentation formats,, and 
learner characteristics would, seem to require carefully planned; inter- 
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related studies with standardization of pictorial replications and 
materials. Holliday suggested 'that aptitude treatment interaction 
studies would seem to hold promise for contributing to more reliable 
instruction decision making; 

Research Studies *f ' 4 " ^ 

t 

\ Holliday and Harvey (26) examined the effect* pf a science text 
description in comparison to the same description plus adjunct labeled 
drawings. The question was studied using density, pressure, and 
Arcnimedes 1 Principle as science content and adjunct two- and three- 
dimensional drawings of labeled geometric configurations without 
descriptive captions. The posttest required learners to solve a type of 
quantitative problem or 'to identify descriptions ^of behavior associated 
with fluids under given conditions. 

Sixty-one ninth-graders in a junior high school physical science 
class participated in the stydy. The major hypothesis proposed was that 
the addition of adjunct labeled drawings to a science text wpuld facili- 
tate verbal quantitative learning. Two days w^re'USed, in the study with 
a test each day. Students were assigned randomly to an experimental 
g'rpup (drawing- plus text) or a central group (text only) . 

Differences in test scores between -treatment groups < significantly 
favored ' the drawing-plus- text group. The investigators suggested, 
however-/ that aptitude-treatment interactions should 'be studied to 

determine if differencial effects would be found. v 

►* <> • 

Holliday, Brunner, and Donais (27) investigated differential 
cognitive and affective responses made by high school biology students 
'toward a picture-word diagram and a block-word diagram. Although the 
students were out of range by the criterion set for this paper, the 
findings of different effects for different learners is important for 
this research ..summary. The study produced higher achievement with 
picture**word diagrams, especially for learners with lower verbal perfor- 
mance. Learners with higher verbal performance had less difficulty 
learning from verbally dependent materials. 

Koran ahd Koran (28) found results consistent *with that of 
Holliday, Brunner, and Donais with 84 seventh- and eighth-grade students. 
They found significant treatrient-by-grade-level interactions with groups 
assigned to three treatments using a schematic diagram of the hydrologic 
cyfcle. Seventh graders on the study pe^foraed significantly better in 
the two experimental grdups TOntainip<^text\plus diagram (one diagram 
before, one diagram after, text) trfan did eighth graders. Inductive 
reasoning scores were positively related ±o performance in thje central 
treatment but were unrelated to performance t in both diagram-plus-text 
groups. Low ability subjects benefitted * most by inclusion of the dia- 
gram, regardless of position, while high ability subjects performed best 
without the diagram. 
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McDonald-Ross (29) devotes two pages (with sfSc citations relevant 
• to science texts) to a review of scientific and technical diagrams in 
his 31-page chapter reviewing research on graphics '^in texts- He 
observes that experimental studies in scientific diagrams are ' few and 
far between. A most important comment made by McDonald-Ross was that 
experimental work in this field that will stand up to rigorouS cross- 
examination is not easy to'do. 

Kauchak, Eggen, and Kirk (30Kinvestigated the relationships of 
"cue specificity," grade level, and ability level to the acquisition of 
science content. A "specific cue" group was given a specific question, 
such as, "In what temperature did the plants grow most,..?" A "general 
cue" group was asked to write a description of the results. The'control 
group cue was that the results were below (in the gxaphed data) . 
Results of four experiments with plants were presented in bar graphs but 
not . in the, written test. A total of 143 fourth-, .fifth-, and sixth- 
graders were given the same reading passages. 

Textual cues were foum3 to increase significantly the amount of 
information gained from'gr#>hed materials. To be effective, the cues 
must be Specific, telliqg students the c*xact information to be learned. 
There were significant differences due to age and ability, with more 
able students and higher-grade-level students performing' better. No 
interaction effects were found. 

y 

Holliday (31) noted that since science education dkals with a 
relatively large rlfciber of pictorial phenomena, that should, theoreti- 
cally, increase the learner's us^of imagery; *a linguistic-imaginalr-, 
process analysis model of aptitudes related to' treatments and criterion 
measures would represent a fruitful means of conceptualizing and evalu- 
ating learner variables related to potential, individually prescribed 
instruction. The terms linguistic and imaginal refer to th<§ mediational 
phase of learning rather than to either the stimulus or response phase. 
Holliday indicated thfct, although these mediating processes cannot be 
precisely described, they may v - be similar to Anderson's (il) suggested 
three-step process of encoding prose materials. Koran ahdKoran (28) 
suggested four conceivable mediating functions of pictorial and visual 
stimuli. 

1. Schematic diagrams that present all structural relationships simul- 
taneously may help overcdae a limited capability of the learner to 
structure and retain a sequence of ideas. 

2. When language is an insufficient referent, either because the 
receiver has not learned the concept op because^the concept has not, 
been adequately coded in language, pictorials may perform a mediat- 
or* ing function. • 

3. ' Pictorials may provide a scheme for organizing incoming textual 

material and may also have an attention-directing and -controlling 
effect as the learner proceeds through related text. 
4^ When pictorial adjuncts "occur at the end of text they may stimulate 
selective review and v covert reorganization of previously processed 
material (28:478) . * • • 
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Significance of Research Findings 

* An/ increasingly theory-based research ptogram, as exemplified by 
Hollida'y and his colleagues and the Korans^s beginning to yield prom- 
ising results for writers and publishers oipfcience materials. The work 
reported here and. by previous ftIT research suggests that high-ability 
students perform best in instructional treatments that J^ave much of the 
organization and interpretatiqn of verbal \abstract material to the 
learner. Pictorial adjuncts benefi^ low-ability > students apparently by 
reducing the reasoning .demands. The grade-level difference In pictorial 
adjuncts presented ahead of the text tending was explained by Koran and 
Koran (28) as clarifying the text for younger students but having' little 
effectiveness for more experienced students. Pictorial adjuncts seem to 
facilitate comprehension when they are relevant to potentially difficult i 
text description. X 

The differential findings — grade-level and , aptitude 1 effects — v 
suggest that simple formulas for pictorial adjuncts usage will not be ' ^ 

possible. The use of these elements of text design, however, cannot be' 
taken lightly. Indeed, they relate to goals and objectives of science 
instruction and to the developmental level of students. What is appro- 
priate for one goal for one ^developmental level of students may be 
inappropriate for another. A greater and more detailed effort of 
research using early adple^ents ,as, participants, with careful assess- 
ment, of aptitudes, treatments, and ' curriculum and school contexts is 
required before science materials can t?e developed with a pictorial 
adjunct research base*\ 



Implications for Teaching^ m ^ 

Holliday (33) observed that science teachers seem to, spend little 
time training students to interpret the pictures and diagrams in science 
texts. The middle and junior high schcfol level is an .appropriate time 
for this training to begin. Explicit and carefully thought out teaching/ 
methods for helping "early adolescents learn from science texts would 
seem to be an important pedagogical strategy. This learning would 
attend to the interrelations of prose, pictures, diagrams* schemata, 
headings and captions, and the kinds and placement of questions. Empha- 
sis could be placed on how these text features^are interrelated to aid 
learning. The differential K^lues of the various elements for different 
individuals in »a class would also be emphasized and valued. This empha- 
sis on learning from text, does not preclude enabling early adolescents 
_ to learn directly from objects and events in the natural world. 

One must think more carefully^ too; about goals and the pictorial 
adjuncts in text. For example, 'if the development of reasoning is . 
accepted as a goal for early adolescent science education, it may Jte 
important to have students make their oym diagrams from prose passaged. 
Although providing pictorial adjuncts facilitated comprehension b£ stu- _ 
dents with low verbal ability, reduced reasoning demands may deprive^ 
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these students of opportunities to* develop reasoning competence as a 
trade-o^f for comprehension. * * 



Readability ' , 



•1 



Readability measures are designed to predict the extent to which 
science text and, other print materials arp likely to be read and under- 
stood by a target group of readers. Generally, readability formulas are 
more reliable than the opinions »of individual judges (34). Their gen- 
eral use by writers and publishers as predictors of reading 'difficulty 
•are, helpful in;,»the analysis ^ahd revision of text materials. They do 
not, of course, show how the§e materials should~be written. 

Two types of measures are in general use: readability formulas, 
such as the Dale-Chall and Flesch; and direct measures, such as the 
cloze procedure. A most perplexing problem in readability research is 
to account for the fac£ that two texts with similar sentence lengths and 
word dif f iculties s can be quite different in the e^se with which they are 
understood. Additionally, texts with identical readability scores can 
be difficult for one. reader an<3. easy fo$ another (35)/ 



Research Studies 

r. *- » 

Bennett (36) sought to determine if sixth-grade science texts could 
be read by sixth-grade students, if some sixth-grade texts were easi4r 
to read than others, and if boys and girls differed in their- ability to 

t read the texts.. Using cloze procedure with 999 students and randomly 
selected passages from 12 sixth-grade science texts, Bennett found only 
two texts that were readably by , 75 percent or none of the students. 
Only 43.9 percent of the student? had passing Scores in the cloze, proce*- 
dure (75 percent comprehension) . Six texts were readable by less than 
45 percent of the students. Dale-Chall readability formula scores 
placed two' texts at grade levels five and six, five, at ~^gtade levels 

p seven and eight, and five at grade levels nine and ten/** There were no 
sex-by-text interactions. . • « . 

) « 
Using ttiejCTBS, ^Clarke (37) foiyid that 300 eighth grade students in 

two middle schools were placed at 4 reading levels from 6.0 to 12.0. 
Students were given ,an examiner-made "comprehension test based in samples 
from social studies and sciehce texts. Readability for the texts used 
was determined by readability formulas. Clyke found that the minimum 
reading level needed by eighth-grade ? students to satisfactorily compre-* 
hend their assighed' .science texts was eleventh grade. This 4 compared 
with a minimum •tenth-gradje level * to comprehend their social studies 
texts. % , - \ 

\ f . 

4 - lna related study, Cohen (38) chose selections f rom^seventh-grfcde 
' m . ' * 
232^ 



232 



literature, social studies, and science texts to examine the effect of 
content on cloze test performance of 63 seventh-grade students. The 
mean percent scores on the clozel tests were literature, 31 percent; 
Science, 3*^ percent; and social studies, 40 percent. The Dale-Chall 
formula anid cloze tests ranked the passages on the same order of diffi- 
culty. Multiple-choice tests over the three content areas* conflicted 
with these rankings. Cloze teslt and multiple-choice ' test results 
yielded correlations of: social studies, .35; science, .40; and litera- 
ture, .55. Questionnaires for. each content hrea to determine student 
preferences and reactions to the readings showed that a large majority 
of students reported difficulties iln reading the materials. Poor com- 
prehension, density of facts, vocabulary load, difficulties studying, 
and lack of interest characterized these difficulties. 

*In earlier studies, Driver (39)1, Kline (40), and Ramsey (-41) found 
science texts for fourth through ninth grade to be written at from one 
to four grade levels above the grapes they were desigrftted to serve. 
Rewriting science text materials to Yoakam's readability formula scores 
at the third-grade level increased jrfeading rates and comprehension of 
sixth-graders with low, average, and 1 above average scores as determined 
by the reading test of the Stanford Achievement Test (42) . 



Significance of Research Findings 



The most significant aspect of the studies reviewed is that read- 
ability is still beitig treated as a property of text materials whereas 
the* literature on readability has conceptualized readability measures as 
an interactive process <of Reader and prose. Readability formula studies 
per se have outlived their usefulness and n§ed to be replaced by studies 
grounded in psycholinguistics, cognitive science, or conceptual analy- 
ses, such as.ConSAT, and to relate text structure to comprehension. 



♦Alternatives to 



Research Studies 



Textbooks 
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Alternatives to textbooks as 'the central^ curriculum source were 
investigated by Wachs (43), Barrillieux j(44, 45) , an<J Fisher (46). Wachs 
used %i "source 11 papers related to t^e "subject matter 'of a seventh-^ 
grade science program^to (Jetermine if tl^fc source papers Vould result in 
improved understanding of science without affecting science achievement.** 4 
Students were stratified by ability lelvel $nd sex and then randomly 
assigned to. experimental (source papers jplus regular materials) or con- * 
trol (regular materials only) groups. J3ach student's difference score 
(pre- to posttest) 6n the TOUS test was (analyzed using £NOVA. Compari- 
sons by fc t- tests of the "net difference I in change 11 (prfe- to posttest) 
group scores on an ' achievement test weife used to determine treatment 
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eff^fcts. The experimental group produced significantly higher gains on 
the TOUS test. Achievement tests analysis produced no differences in 
the group. Control for regression effects was not made.. 

» 

Barrillieux conducted a k two-year- study beginning w.ith 42 eighth- 
graders to determine the* effects of multiple library sources and basic 
texts in science instruction in one junior high school. Students were 
stratified into "high" and "average" ability levels and randomly 
'assigned to treatment groups: a library sources only and a' textbook 
only group. The independent variables used in the study were: ITEf) 
Test. 2 and Test 6; STEP Science, Grades 7-9; TOUS; Watson-Glaser, 
Critical Thinking Appraisal ? eight papers written during grade nine; 
and 25 oneday observation records of student library behavior. 

The experimental group exceeded the control group (p = .05) on the 
STEP test, TOUS, writing mean scores, and on hours speht in^ the library. 
No significant differences were found on t.he other independent vari- 
ables, but the trend on every measure was in favor of the experimental 
group. • 

Fisher conducted a nine-week experiment* with 174 seventh-graders in 
a junior high school to compare the use of science trade books and other 
science literature with text instruction. The purpose of the study was 
to determine the effectiveness of two ways of integrating the use of 
trade books in ^ life science unit on cells, anatomy, and physiology • 
Two experimental groups and one control group were included in a post- 
test , only 9 design. One experimental group was free to use the trade* 
literature, the second was required to read selected trade literature. 
The control group was neither provided nor encouraged to use the trade 
literature. 'All groups were divided into "high" and "low" ability sub- 
groups as determined by a cloze test; • 

A locally .prepared cognitive test {KR20 r = .84) and an affective 
test (KR20 r = .83), were administered at , the end of nine weeks. Exper- 
imental groups performed significantly better than the control groups on 
the cognitive measure. No analysis' of the affective measure was pre- 
sented. The investigator stated that students with high reading ability 
responded favorably to the required readings and students, with low read- 
ing ability enjoyed free, but not required, readings (mean scores, free 
55.18, assigned 51.95). • . _ 



Significance of Research Findings 

• 'These* three .very limited studies indicated that supplementary and 
trade resources literature, used with or. without .science texts, resulted: 
in achievement equivalent' to or 'better than when- t*xts*Weti* theVonly** 
resource and generally resulted in better understanding-- of science > and 
scientists, as measured by TOUS. ' ■*''** 
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Conclusions and •Recommendations 



The text is the central curriculum resource Used, by students to 
learn sciencd, yet research on science texts , their characteristics and 
structures and how these characteristics aria structures affect learning 
outcomes is limited. The study of science texts designed for early 
Adolescents is an especially fertile field for research, for reasons 
that needs some elaboration* - - % \ 



First, in. most educational ^settings the middle pr junior high 
(school years introduce students to'expository tText as a major source for 
learning science. This event takes place with little or no instruction 
in. the differences between readers that students have used and this new 
kind of text. 'SeC'ond, the science's use common terms as names for con- , 
cepts that are more restrictive and precise than the everyday term they 
replace. Fyrthermore, % most science concepts derive' their full^ meaning 
within scientific theory. They have both formal and empirical relatipns 
(meanings) , within theory that, -cannot be captured by ' diet ionary- type ■ 
definitions. For example, the term "adaptation" can be defined easily, 
but the biological* concept "adaptation" derives its. full meaning from 
evolution theory or from homeostasis-* and regulation.* Texts can also 
provide opportunities to contribut^t to, or to completely preclude, the 
development of logical thinking. 

♦ The. studies reported here suggest that intuitively developed texts 
have features, jsuch as graphics, that enhance learning., The casual use 
of adjunct questions must be reexamined 'far effectiveness. The amount* 
of content packed into texts 'designed for ea£ly adolescents seems to be 
much greater than can be understood* by students* unless science concepts 
are reduced to vocabulary terms, presented without the theory from which 
they derive full ' meaning, and without'.their , multiple -connections with 
other concepts, with scientific principles, arttf laws.. 

Theory-based research in text analysis has yielded more knowledge 
and generated more interesting questions to be investigated than the 
empirical studies reviewed here. Aptitude- treatment interaction studies 
suggest that the design of effective texts, in the future may have to 
have greater ' differentiation than is currently available' in the market 
place, if learning, opportunities are to be. maximized for all students. 

* s. • * 

- Text difficulty is nojb resoltfeej ' by selecting the text - a with, the 
lowest reading formtfLa score/ In' 4^ , comparative studies , reviewed, 4 
science texts* were found to be moxe difficult to read with comprehension 
than social 'studies \texts, but; they 'were less difficult than literature 
texts. % Comprehension, can be ijngpved by rewriting materials to lower 
readability levels (as measured by t .formula) r but there .is some question 
as to the effects- of this ^procedure dn interest j and more important, 
from a recent, summary of reading research („47), easy words and short 
sentiences can make texts hard to Understand. < 

* .The opportunity .is now available for ^thbse with a knowledge in 
science, disciplines to build on theory for netf jcefiearch iQto texts and 
text comprehension* The critical work from c^i^^yg science, content 

* ' / / 235. u \ 



analysis, knguistics, and reading research can provide more powerful 
bases _f ran which new research can -be conducted. Empirical studies seem 
to hold comparatively less promise for future research. Generalization 
of research on\children or adolescents should be generalized to early 
adolescents. with\gr*at caution. The most significant contributions to 
the improvement of science teaching in middle and junior high schools 
will come from research that carefully documents the science content, 
/:° nte * k ' and grade, levels of students and from research 
tr»at builds on the current research base from cognitive science or 
linguistics. , 
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• * . • INNOVATIVE SCIENCE PROGRAMS ' A t * I 

, - : : ^ \ • ' x • ^ ■ V ' ; \, . • " <# c 

* ' * 1 ' • • v. 

"The junior high school and the college are the twb most vulnerable 
institutions since neither has made major, efforts to reflect the pres- 
sures and challenges. t>f , tlie time or. ^eek new roles" (1:78). . phis 
^description of the junior high school science situation in 1970 was 7 a ' 
very accurate/and perceptive one. The' 1960^ saw majpr curriculum devel- 
opment. effoHs .at the elementary and secondary levels with the "school 
in the middle" once again being slighted. The first round of curriculum 
development efforts hpd not stimulated much interest in the deVelopraeat * 
of mater ials^f or the ^schools* in the middle." The first efforts resulted 
in njajor Alternatives for high school science. / These high school • 
efforts were closely followed vitih many elementary science projects. By . . 
'1^70/ ? "middle school" movement could be identified,, and a great deal 
*o£ discossioi^was occurring ,about meaningful change for this age level.' t 

* ' * ' J . ^ * 

* A * prospective synthesis^- for the 1970s was • provided ' by Dr. Paul 
DeHatt Hurd in Jiis H(bo^' New^Curiiculjk - Perspectfves for Junior High 
Schdol Science .- Dr. Hurd presented ^an analysis <?f the planned ot. extant 
irinbvative programs an^ attempted to outline som£ of the mistakes that* 8 * 8 ^ 
produced 'failure in earlier curriculum development, efforts, at' other £ ' « 
levels.* He analysed 23* 'Innovative ourjricular model(p in his .work and 
described, each in, some detail.* Dr. Hurd used the^ following criteria in 
selecting the projects for his' repeating in 1970V \ .~s ~ m » * 

* ' ' .... ' • ' 4 * * 

1.' They are the result of group thinking, reflecting discussion ' ant? 
, ^ debate among people jwith s special interests in juriior high school 
education. . « * k , ' ** - V 
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They, are,, experimental in the sense that- they -iwe'ffe tested JIl~- 
$ ^pupils jindjeffpf ts & yere made to jref infe the materials^* 'Several of 
/ • the models^rerftaln theoretical, ih that they are new atiiJ do : not have' 

supporting durricular materials at this time.' . V 

3* One or more' innovative 'ideas ds involved* such as the rationale of 
^ -the '^rograny- content 4 and organization pf K the* curriculum, mode o£ H 

teaching, learning/ demands , instructional media f \or^ th^ cpneept of 
^ laborhtocy work. ' jb m 



. The innovative programs that Dr. Hurd analyzed .were: 

< , ' . r, ' / < 

BSCS Human Sciences Program v I 

' ERC Life Science ' » ' • * ' " 

} -Quantitative Physical Science (OPS)"', . ' •.' _ " 

Introductory Physical' Science (IPS)* . ' ' . * 

* Time, Space and Matter (TSM) J 
. Earth Science Curriculum Project (ESCP) '. >\ « . - ■." 

• »^ University of Illinois Astronomy Project ' -* ' 

Stanford University Jtfnior High School Science ProAecfc 
. inquiry Development Program -(IDP) 

• ^ Mic ^g_ H ^ate • Curriculum C6nrn,ittee Junior High" School Project < 

Nuffield Junior" Scl\nce> Project ' . • • *-> 

Elementary Science Study (ESS) 5 ' ' . * *••„_' * 
Mathematics, through Science • ..' •' \' — • , "' . , 

NS,TA £-12 Science* Curriculum Plan *• - 
<<; Modern Junior High School .Science Manpowe* Project • 

vScience Teacher's .Adaptable Curriculum (STAC) - ^ 
'. Pennsylvania -Curriculum Development' Program 
. New York City Science Grades 7-8-9 Project * 
Project PLAN \ . 

t The Nova School Science Plan ' • t 
Intermediate Science Curriculum Study 
Foundational Approaches in Science Teaching Project ' 
. American Association for the Advancement of Science 

nn ^ ^ 6 19? ° S have come and > * one ' ifc ^ important to reflect 

l ? 61 Pr0j " ects ' as :- we11 W others that arose during the 
Z in a f fl I™ 1 " 6 th6ir StatUS and/ ° r im P act -l This will be 

£l « l- ? en "S' 38 0pp0Sed t6 "Poking on the. status of each of 

Jzed^th "f 1Vi< l Ually ;- AS a - ^projects can be Character- ' 
( ized and their impact reviewed collectively. ; . • • • 

* jsfl.. of, the 'innovative programs sha«ed the common purpose of chal- ' 
lenging the -pld" materials and methods- and offered a new* curriculum ' • 
-tS^-r 1 " 9 -"^ e1 ' T ^ * ational « s -nd goal statement for all Tt 
Irevaf^ln^" 31 " 6 discussed the view of learning that was so 

•prevalent in the currently used- science .materials. Alft of i the programs 
addressed, in a new way several of thsrfollowing arfeas:- P^ams 

1. ' The. characteristics of the learner - 

2 1 ^^Ik!^* f f '* the > lenC ^ * a&cl P^ne /its modes of inquiry 
« and/or the province of its.', concepts) y 

3. The apprbprlktenes's pf ' learning processes * ' » " .. 

4. -The- instruction and/or teaching mode- » *' 

5. . The nature and/or design of the instructional materials • 

A11 ^ ^ /WW" we ?' e saviri 9 the scienc'e offering forlo-to . * 

*3HE£2bU th4n j0St > of science" course! 

2E£? ^ S - ' 6d ' that iD ° rder to "P^ent the* discipline Hi 
■J3S- . ac f U " tely '' materials should 'involve students" in more "than 
ju^ «emqr,i^tion.of scfence. facts, or concepts. There was a general cry V 
for. developing materials that would give to the student an .understanding ' ' 

- '" '278 4 . ■ • ' 



of the relationships^ "between important ideas iiy-steience and their own 
experiences. TKib\hriist in the rationales of ali of the programs took 
many forms and" feacW, £rqject used • different terminology, but the 
"feeling" expre'ssed^Jjy* the entire ^group wa$ ^s'tf ong. and quit^, similar in 
emphasis. Involving .st^ehts ^n~ their vowh individualized learning of 
science was common in the rationales' of th£ model f>rogramp. Emphasis on 
Science process -skills, sy.cfr afi observing and describing, were being 
designed into the student nra£e£*lals being developed. The pr6cesses of 
science were being given \at lea^t an equal - emphasis with the Knowledge 
orientation o^ the science found in most of the text programs of the 
time. 4 . . 

; What were the effects and/ar impfacts^ of these modeK programs? The 
answer" to ~tfiis "question ^is complex ai>d .time ; referenced, as are most 
Ideational questions. One ^an describe the impact in - the b 1970s> the 
potential impact today, and then speculate on* the impact in the future. 
The first concrete observatiori\ ban be "made T>yV looking" at the data 
reported in the Iris Weiss 'study of 1977. By ,1977',' 2£of the 23 model* 
programs (IPS' and ISCS) identified by Dr. Hurd had -made it onto .the list 
of most widely used materials at this level *(2:B44-45) . *^fis market r 
place impact is certainly noteworthy and cannot be denied. These two 
programs did influence the marketplace and 'certainly made the publishers 
at this level take notice. Collectively, the other pro.grams'*had major 
impact as each dented the marketplace or influenced other published 
materials. None of the other programs, However, had v enough single sales 
to make it on the Weiss' best-selling x List. -Optimistically stated, .th'd 
23 programs served a useful function in the seventies and had a measur- 
able impact. ' 

» - -t 

- Is the a glass half full or half empty?^ It is equally safe to say 
that the programs did not, individually or collectively, take the educa- 
tional world By storing; None of the programs dislodged the major best- 
selling series at this level an<3, in fact, probably # did little to 
influence the nature of "the begt-selling series. Thus, one nyLght legits 
imately conclude that the long-term* impact of the model projects might 
be minimal*; especially if one takes the rumors' of the fate of IPS % and 
ISCS seriously;' that is, .that they will not continue to be revised ^but 
rather will slowly be phased out by- their publishers.* • < 

Considering the 19 precollege ^projects • supported b^- NSF .between 
1975 and I960, other curriculum development effort's, apd- the 23 projects- 
described by Dr. Hurd in 1970, the state of the art of science education 
at* -this level in 19&1 seems to lead one to an ^bvious conclusion:. The 
rhetoric bf ^a tremendous input of resources into middle a^id junior hitfh 
school science during the 1970s never^appene^l Only one ptoject (OBIS) 
can be added to-Dr.* Hurd's 1970 l'ist (using hfs. criteria for inclusion) 
.as- a new project for science at^the middle and juril^r\hlgh/ schppl ievel 
during the* 1970s. In short,, the big movement ig> do .something *f or sci- 
ence for the ^schools in the middl%," once kgSin, .neyfcr materialised. 
;rhtfs, to^jiidge the effort ^s a failure .woui$ not be-|valid* Since the' 
effort never really was ih full' operation/ The National Science ^ounda T 
tion did .not publicly' identify the. »10- -to 15-year-pld, apriority 
focus in their: '.guidelines until 1978^9/ By this .time nTw^s "tbo- l^ate." . 
Attacks 'on the 'Sci&nfce Education Directorate of NSP in 1975-77 'were not 



wea^ered well, .and the new f lis on 10- to 15-year-olds was .far too* 
rebels L» S ' My ^ the pig em P hasis at this level never 

, ItliZ^X^^ 1 to tha ' fc 9lven ear * ler to thd elemen ^ - 

» • * 

• ** . * * 

tho„J; n SUOTn ? ry '/ the W ct of the innovative", programs at this level, 

* ™t tJ e l\\ ea1 '' ma ^ WfeU be jud96d to be minimal in th '« term 
^ lfl 7 5 ^encyclopedic ("science as a" foreign language") courses 
.of 1970 continued to be the. best-sellers in 1981. / courses 

•on l m P act « in be l^ged in '1990 is very obviously dependent/ 

on one variable- what, comes next. A, *hole group of -'teachers aS 
administrators have been sensitized to 'the new rationale's and aA still 
IT*; ? ll aCh 1 V h6Se new - P^ig^s. . What will they have as sup^t 
S% thr °^ h ^ he 1980S? ^ tnere be an °ther round of material 
produced for this use? Ox will publishers just'prinj more of the old? 

' IS 6 - 6 laden questions and difficult ones to answer! Tne 

L a lriiLly e to'oc h c°r er ' that With ° Ut ^ inU6d SU ^ rt f ° r 

' Precis 'still OS" 0 ' S ° n r : Hurd > a1 ^ ^ 1970 perhaps one^ the' 
hrS^K , S 3 ^"nmer of hope as the intermediate model* to 

Ef* S To 9 ? ^ lnt ° the 19§ ° S ' that is ' * he Human" Sciences Prof 
^ram. . Through a variety of circumstances beyond description here! thS ■ 

Tall "^rth^ 8 b6en d6layfed in itS P"P a "tion P for the marke t- ' 

23K*hl 4^9 P T 9 " 1 haS ^ n impact wnen ifc ^. marketed, the delays 
might be viewed as blessings in 'disguise, since no new model nr«r 2' 
are under development in>1981, nor are ^tnefe any plans fof any S? Z 
SI* J" T' o Th ' e ' HUman Sci ences.^Program might- well serve as f a 
model* curriculum going into and. throughout the 1980s. It was the 
largest curriculum, development effort during the 1970s-' and L ?^ 
become* availably to schools inAhe early 1980s , its extrenTv inLJ^ 
fi?J a ■f^the.POBition of being S for ^ 

Proie^r tL r e *-e A V a 13196 ^ Wehensive curriculum development 
pro 3 ect, the Human-Sciences Program considered many variables in the 

S?Jm? £ ^f SCienCe t0 10 " t0 ^-year-olds and probably desert 
the billing -of- the model curriculum for the 1980s. reserves 

^ F ^^^ ti r,- W -^ tell if any P ubl i >s her in the country can be or wants 
to be innovative and whether the Human Sciences Program will b^a hull 
pacesfetting -sdccess or/whether it will be judged another federal boon! 
^2£*-V 9nly tlC WiU tel1 ' itS fa€e ' an * only Time wiU deierSSo 
:^- ^ he . m T ent ? ° f V moQ ^"proiects develop^ to this da£ for' 
S^htiTot Kl9h SCh °° 1S ^V^-nsified, mainlined, orVo* 
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CHAPTER 2 • k 

EXEMPLARY SCIENCE PROGRAMS 



As O one way of identifying selected aspects* of middle arid; junior 
high school science instruction, annquncements inviting educators to 
serjd information about their own exemplary science programs were placed 
in the National Science* Teachers Association Middle/Junior High .Science 
.Bulletin and the National Middle School Association Bulletin. The 
^article in the NSTA publication included the questionnaire in full (a 
copy of the questionnaire is included on page 284). The article ih the 
NMSA Bulletin did ntffr include' the specific* questions. , Respondents to 
th^NMSA announcement were sent; a questionnaire >fcnd invited to respond 
to the questions by May 15 , 1981. 

• 

Eight' responses were received that are included in the chart on 
page 282, which summarizes responses to the questionnaire. Three of *the 
prograife were for seven th-gxaders, three for eighthrgraders, one *for 
seventh- or* eighth-graders, anjj) on$. for ninth- or £enth-graders. Three 
of the programs were environmental in emphasis £ two 'emphasized earth 
science, one was a program -on developing laboratory skills, one was an, 
interdisciplinary mathematics program, and. one a human growth and •■devel- 
opment program. Most of the programs were developed at the local schpol 
or school district letfel.* % . * 

. In addition to thes # e identified programs, the" articles about the 
study' prompted , «ever\ inquiries- requesting* information about €he results 
of the study. These' respondent; were seeking information about exem- 
plary sbierice schooling for- middle and< junior high schools. * , i . 
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r, 



I. What Is the, name of your 
- .course (program)? 



2. What student population' par- 
ticipates in the course 
(program)? . • 



What are*th>main goals «>f the 
program? 



4. What published materials, if / 
*ny. do you use* 



5. What published materials, if 
*ny. do your students use' 



Meteorology k m 



Synergy 



Age 12-13, Grade 7 



Age 12-13.. Grade 7 K above average 
(students 



Describe wain components of 
, weather 

b. Explain how air masses, fronts, 
and cyclones relate to weather 

c. Read and interpret weather 
instruments - 

d. Explain formation of pressure 
* areas, thunderstorms,, hurri- 
canes, tornadoes 



Spaceship - Earth/Sarth Science. 



Joseph Jackson, Edward Evans 



1973, Sectio'n 



oa-we^ther 



Emphasis on building three-dimen- 
sional models and relating them 
to different discipNnes (mathe- 
Jmatics, science, social studies, 
art). Based on the geometry of 
!R, Buckminster Fuller - 



Synergy. Gerry Segal. OeMs' 
Franco, Board of Education, New 
York City y 



6 What unpublished materials* are 
used? ' 



7. How was 
the ' 
course 
(program) 
developed? 

& * 



Individual teache r 
School committee 
Qistrict committee 
S^ete program 



Other 



B. How l»ng has the course 
(program) been in operation? 



Same as 4 



{Students use 
materials am 
research. 



r-developed 
pendent library 



Sample worksheets, weather charts, 
inclpded v ^ ^ 



I Why Buildings Stand Up," teacher- 
developed lesson materials ' 
todflded 



5 years 



9. What com- 
ponents 
art 

included ' 
in the 
course 
(program)? 



Laboratory 
experiments^ 

Other 'hands on" 
Field investigations 



Individual units 

Textbook reading-*, 
e*d exercjses 

Other read ing 
Small group 
discussions 
, Other * 



10. Briefly describe one of your 
favorite learning experiences ' 
included in, the program. 



t 



(How team of teachers using 
1 resource person s 

I* years 



ESCAPE-^virofmental Science 
Concepts and Processes-Enquiry 



Basic Science Skills in a 
General Science Program 



Grades'7-8, all ability groups . 



To assist stddents in becoming 
scientifically literate citizens. 
To unify important concepts, 
processes, phenomena, and per- 
sistentj>roble»s of seience 



A variety of texts can be used. 



Grade 7, honors, 
modified (slow) 



average, 



To teach 

a. An appreciation of scientific 

thoughtand methods 
b Basl&dBnciples of biology 

and chefrstry 
c Scientific vocabulary and ter*. 
minology v 
Basic lab skills 
fi} Organizational skills . 
' Basic laboratory report-writing 
techniques ' 
g. American Red Cross Basic First 
Aid 

Mult 1 -text approach Some are 
Interaction of Kan and the Bio- 
sphere , Randlfo<aTl~ 



variety of materials are uted. 



Unit 1 included, 18 units are 
available 



ince 1973 



(library research 



Project* 'Op, up and Away." Stu- 
dents launch post cards attached 
to helium-filled balloons. When 
cardji are returned, distances Ire 
measured. Exercise relating tem- 
peratures and barometer readings 
also included. 



Lessons ffcm The World of Ha the - 
"tics . JamesTT JtejSan 



A field=Trip experience>t<vlocal 
aqu«ic and terrestrial eco- 
systems climaxes each grade level 



Physic;) Science and Life Science, 

Holt, Rinehart I Winston *~ " I 

Concepts andlChallenqes In Physical! 

science . Cebco ~ 

Science Is Explaining . Scott, Fors-| 
nan I Co 



Same as 4 



Teacher- constructed hanttouts, 
puzzles, games, lab experiments, 
models of scientific equipment 

2 teachers 



7 years, frequently revised 
X~ 



Note-taking science projects 

The written lab report is the cul- 
minatlng^OtVity; students are 
called up^h tb use all the skills 
learned during the year. The 
students set how all. the various 
other units tie together. 



11. What characteristics identify 
the program as being out- 
standing? 



Students art amazed at the dis- 
tances the balloons and cards 
travel . 



[Students are exposed to a holistic 
view, see intetfonnections between 
disciplines; exposed to latest 

(scientific findings 9 



Unified Science Approach, 14 
sequenced units >unft rationale 
and objectives; program evaluation 
model; student choice; environ- 
mental awareness; integration- of . 
concepts and^rocesies 



Feedback from upper level teachers* 
students better prepared in basic 
concepts and lab skills * 



Who is the contact'aerson Yor 
further information? . 



Geprge Probasco 
Arapahoe Public Schools 
1102 CMrry St. 
Arapahoe. Nebraska 68922 



(Ellen GoTdstein 
348 W. 48th St. "* 
New York, H. Jf. J0036 



pmas Rourfce — 
>CAP£ Demonstration Center 
inrc/eek Junior High School 
329 Sand Creek Road- 
V^ny. New York 12205 



Andrew OePino, Jr., or 
Deborah Solomon 
Science Department 
Kosciuszko Junior High SchomL 
170 flm St. V 
Enfield, Connecticut > 




282 



■.'232 



Eirth Science 



Environmental Problem Solving 



HuMn Growth and Oevelopwent 



Science, Energy, ind Environmental 
Change 



3 Environmental 

2 Earth Science Meteorology 

1 Laboratory Skills f 

1 Hunan Growth 

1 Keth-Interdlscl plenary 



Grade 8, gifted and talented 



Grade 8. average and above 



Grade 8 * 



Grades 9-10. average and below 



3 Grade 7 
3' Grade 8 V 
1 Grades 7*8 
1 Grades 9-10 



a. Provide basic skills 

b. Develop basic concepts in 
earth science * 

c. Pursue own Interests vU. 
Investigations 



a. To develop an awareness of how 
Individual and collective 
actions influence quality of 
life and of the environment * 

b. To develop knowledge and skills 
necessary to Investigate envi>- 
ronmental Issues and to evalu- 
ate alternative solutions. 

To' develop skills necessary to 
take positive environmental 
action 



To g1ve"8th graders opportunities 
to 

a. Learn about themselves as , 
unique Individuals 

b. To care for themselves . 
properly 



To make students aware that - 

a. The earth's resources are 
Halted 

b. That there are alternatives 
to consuming all these * 
resources 



Science and Children 
science XcTlvitles 
Science digest - 



Teaching Envlro nfeental Education 



H.R.Hungerford. iPTyton, J. 
Weston Welch, Portland. Maine. 1975 
Understanding Basic Ecological 
concepts . Audrey H. Tomera, 
J. Weston Welch, Portland. Kalne 



Not g^en 



concepts 
|j. Westoi 

ngestlflj 
for Envti 



Earth Science, Hoi t ; Spaceship 
EaHK/Earth Science , Houghton 
HTmin 7 



est 1g* Pons and Action Skills 



for En vlronceflta^Proble»-So'tv{r>q . 
Hung erford, et a?. , Stipes Pub- 
lishing,', Champaign, Illinois 



Scholastic Science World, Current 
Health . Investigating Your Health , 
pamphlets from various heaj tP 
related organizations 



Materials being considered for 
publication 



Hone 



Hot Included 



3 years 



3 years 



•years 



2nd semester. 



Information - 

not 
Included '- 



Newspapers, science periodicals 



Llbra^ynfesearch 



4 library. 



and research 



PHiujEau collection; values clarification exercises) 



Smell group excursions into the community 



Energy surveys. 



A team of Z students takes one 
concept/activity and develops the 
activity for use 1n 3rd or 4th 
grade classes. All materials and 
Instructions "ust fit Into a shoe 
box. 



Student involvement; students 
■have freedom to ase their own 
talents; extensive group work 
•Hows greater interaction with- 
out sacrificing baste goals 



Autonomous 1 research carried out by 
each student/ A contractual form 
is provided to be a basic guide- 
line for each-s&dent, A seminar 
format 1s used*1n whictuejudents 
share Information with other 
students and with faculty. . t 



Behavioral objectives communicate 
clearly to students; InterdBcl* 
pllnary nature; providing skill 
training In environmental literacy 



Information not included 



The home energy\survey 



rgyV 



if-. 



Information not Included 



A practical program for students 
who will not go to college. They 
will find/out how to make a house 
fuel -efficient and ^ajme thing about 
business costs- ^ 



Myra fachon 

tutus tint Kiddle Schooltfor 
Gffted and Talented ^ o 
Milwaukee Public Schools 
P. 0/ Drawer 10K 
Milwaukee. Wisconsin 53201 



Trudl L, Yolk 

229 U, Carroll, Apt. 1 , 

Macomb, Illinois* 61455 



Donald J. Beaudette 
Hooksett Memorial School / 
Daniel Webster Highway* North 
Hooksett, New Hampshire 03106 



James Kartlno 
Talewande High School 
Oxford. Ohio 45056 ( 
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STUltf OR' MIDDLE AND- JUNIOR HIGH SCHOOL SCIENCE SCHOOLING . 
. by Mary C. McConnell . * 

The Center for Educational Research apcT' Evaluation (CERE) of the BSCS 

Jun?n7w?^ y <S? e c •** "S*! 0 "?! Sc J ence ^"ndation-supported Middle an'd 
!l 9 ^S ch °?l. S . c 2? nce Schooling Study. One aspect of -tjie study in- , 
SJlSL. \ dentl ? 1catlon of exemplary middle school and junior high school 
science programs across the nation that are .specifically -designed to meet 
the needs and characteristics of early adolescents and that are -in keeping 
with current, trends in science education. Mining 

mJL ! V? U ha i e sucn a scienc ! cla^r. program .that you are proud of, „• 
please take a few moments to answer^ following Questions about it. Data 
received wil.1. be incorporated' into the- study. Results from -the study will- 
.be incfuded in a final report to the National Science Foundation and will ' 
• be.-reported .in a variety of professional publications.' . - 

1. Wheel's the name of your program? 

-21. J^tl^dent^population participates -in tte program? — * 
/(age/grade levels) (gifted, special) • 

* * * * *' ■ 

"3. What "are the main goals of the program?** ' * - 

4/ What published materials, if any, ,are used by you? 

5. What. published materials, if any, are used by your' students? 

• . .... v . 

6.. What unpublished .materials are used? (Please send" sample materials, 
. if .possiitfe-. ) ' - v ' 

/.* -How^was the program developed? 

' o * , * t 

8.*- How long has th6 program been in operation? 
9^ .What components are included in the program? 

10. BripfTy describe onfe of your favorite* learning experiences included • 
> in the program. , , 

li;. What characteristics of the program* identify it as- being outstanding? 

*•** * » ' 

► K * • v * 



• » 
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SECTION- VI . ANCONTEXT.FOR SCIENCE EDUCATION: A CONCEPTUAL 
FRAMEWORK FOR THE EIGHTIES AND BEYOND 



4 



CHAPTER 1 
4 

IS THERE A .CRISIS £N SCIENCE EDUCATION?- 



^he state of science education in middle and junior high schools 
was examined from five perspectives. Each perspective was explored from 
a different database.* Section \J of this jreport summarized the philo- 
sophical " assumptions that underlie the" middle school. Section II 
analyzed nationwide purveys on science education tp determine th'4 'status 
of* science Jbeafching goals, instructional procedures, and constraints on 
ecjjicational practices. ^Section III considered the commonly adqpte£ 
textbooks ? rf or grades 6 through 9 to identify the nature "of the. middle* 
school *curricu^um. Section IV analyzed empirical research on -learning- 
activities and curriculum .materials for early adolescents* « Section V 
reviewed science programs, perceived 'to be an i mprov ement ovex tradft 
tiona\ curridulfe, fchat have been formulated in'a'~£ew middle schools.* 

* •»> ^ 

The investigators Iearne$ much from these studies al^qjit the stkte 
of science education* in middle and junior high Schools in the United 
States. The problems and issues identified Seem to' indicate that aj.1 is 
not well with science programs designed^for the early adolescent.' ; 



Concerns About Science Education"' ' x 

Judging from reports, the' public press, and 'the professional 
literature, science education "in* general appears to be at a critical 
jundtqre/ Criticism 4s being directed at all levels' of Science instruc- 
tion," from the # elementary school througfi^high school. To learn more 
precisely what these concerns are,' an analysis was made of Various com- 
mittee or panel, Sports on science education published in the years 1970 
tp i981. .{See Chapter 3* of . this Section!)^ Th£ earlier date (1970) 
coincides with a series of events~sctaial> technological", and ^scien- 
tific-t-that stimulated a questioning of the viability of many American' 
institutions including education, scientific research, and technological 
development. The reports s^Lected for review were tho^e developed from 
the deliberations of organized groups of scientists, educators, or' 
citizens and included statements that appear to represent a degree' o£\ 
Consensus. . « * * » * - # ; * , 

While* the focus * of this^ study, ,was -on science education for tfie 
early adolescent, reports on* the m state of 'science, education are not 
oriented that precisely. It was not? always possible to distinguish 



.* ' * 

concerns about American education in ' general from those -peculiar to 
i science education. However, it was possible to identify problem's and- 
issues tha^were specific to precollege science education and had. impli- 
cations for science instruction in the middle and junior high school 
years. ; - 



A Composite View of problems and Issues 

* The present cultural climate is seen as. an important factor influ- 
encing science education (Chapter 3, IIA, IIB, IV, VI, IX, X/and XII). 
The public does not, strongly support sicence education. It is not so 
much -that science is considered unimportant, but rafcher that it is qiven 
a low priority in schooling. ' 1 .- 

The major problem appears - to be disagreements about the traditional- 
goals of science education and about the need to reexamine their Valid- 
ity (Chapter 3, IIA, IIB, IV, VIII, JX, X, and XI). A subtle but not 
explicit recognition exists that the rationale f or ■ the teaching of. 
precollege sci-ence should be reexamined. The major reason -proposed is 
that times have changed." The conceptual framework essential to formu- 
lating new (goals or examining long-standing goaljs for science education 
appears not to exist. . It is quite clear that . the goals currently* 
accepted for teaching precollege Science courses are suspect. 
X '.*•'' 
.^The subject matter that comprises Science courses and -the organiza- 
tion of the curriculum are being questioned A (Chapter 3, 1, II, III, iv 7 , " 
XI): What- the appropriate subject matter is for precollege science 
courses lacks ' consensus. • Some groups decry the lack of "practical" • 
information in science .courses, while others find little wrong with the 
present curriculum. There -is -more agreement -on the . issue- that the 
science curriculum has become overly "fractionated" or "molecular ized." 
There seem to be two "interpretations of this issue: There are too many 
mini 7 or short courses on specfal topics (environment, energy, ecology) 
or the traditionaUcourses have become overly specialized— for example, M 
life, physical, and earth sciences in contrast to general science, ' 

.. Other^factors identified as contributing to the crisis in science 
education are lack of leadership to plan changes' (IIB, III, IV) and 
inadequate pre- and in-:service teacher education programs (I, ha, IIB) • 
Factors mentioned less- fftojuen^ly, are lack' of parental interest, "anti- 
science tenor " of the public, loss pt public confidence in schools, 
unfavorable student attitudes . toward sphooling, insufficient financial 
support, declining enrollments in science courses, difficult teaching 
conditions in schools, ;misassignment' of teachers, minimal science 
requirements for school graduation, students'' dislike ■ of science^ . 
courses, and diversify among students. 





/f^NtaSk is a reformulation of the science curriculum to meet the evolution- 
ary changes taking £>lace in American culture. J 
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Factors 'and Pecisive Events 

• . - o . ^ 

The documents studied point to a crTsTs^ in, science education and* 
\ 'identif y'^certaif^ problems and related issues^ Onfe of the major issues ^ 
' isv outside the schools. This is a' lessening public interest " aboift 
the .impprtance of science as compared to t that of the 195Q6 and/ 1960s. e <> 
School^ science programs reflect this situation and/suf f er- as 3 result. . ^ * 
Second, the shift in social and cultural attitudes o£ our .nation toward * * 
science is broadly recognized by people concerned with ptecollege ^ 
science education.- In turn,, * two educational tasks aire perceived* as 
necessary to be^in coping with the crisis in science education. One of 
the^e tasks is a validation of fch^ existing goals fpr science education 
in terms of ' present social conditions in the United s€ates. , T&e second 
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CHAPTER Z v 
A CONCEPTUAL FRAMEWORK* 



. The| purposfe of establishing a conceptual framework is to postulate, 
the next steps in the evolution of preoollege science education, m A 
conceptual* framework provides a normative ba^e for shaping and giving 
direction- to revitalizing science "education. In the absence of a philo- 
sophical, ba 4 se, educational efforts frequently give rise to faddism,^ 
romantic ' slogans, §nd superficial structural modifications of existing 
practices. What is done does not appear to be rooted in any identifi- 
able theory of science education nor in any long-range recognition of 
what ought to "be done, 

• The need, td reexamine the current condition of .science education is 
indicated by a variety of concerns expressed a$ a .crisis situation. 
That thfe crisis is broadly recognized is documented in;Chapter 1 of- this 
section.!* In other chapters of this report,' data on conditions that 
characterize^ ^e status of science education in middle and junior » high 
schools ^re presented, A study of conditions and concerns about an 
educational program, however, is not spfficient to, project what ought to 
♦be done',' /The problem is a philosophical > one and not one of simply 
revising school practices or str'ucture irt an unplanned hope that a 'more 
effective' program-will emerge. Tfris is JLike planning basic research in 
the sciences without the benefit o? theory -or^ a conceptual model, * 



Methodological Considerations , > 

t • o 

To provide a. basis for «a prospective* framework for oftecollege 
science education, several relevant panel or committee reports, were 
analyzed. All were published in the 1970s- of e^j:iy'-i980s^A The Reports 
selected had th$ benefit of irfput fro* a group of* people 'las ^ell as ■ 
ev|&nce. Of discuission and debate. Local or state ^publications" and 

; _ i . •; J ■ , . 

♦Speqtal thanks are due to the 26 people exfe^rrifclto the research staff 
who reviewed a drafi of this section and made recommendations for its 
organization ar\d clarification'/ Any opinions,' findings, conclusions, 
or recommendations expressed • in this final report are those of thg 
•authors. and do not necessarily reflect positfons df the reviewers, the 
National Science Foundation, or any pt her agency of the UnitedTl^ates 
Government. ? • 



individually written articles on "new goals for science teaching" were 
not us§3v nor were those representing special subjects such as 'biology, 
chemistry, or earth science. Roughly, the reports Selected for study 
were of two kinds: those exploring the present condition of science in 
America and those related more directly to the status of education in 
the sciences. ■ 1 

Each report was analyzed for basic ideas or themes identifying the 
present conditions of the scientific enterprise and implications these 
conditions have for a general education in science." The next step was* 
to form a conceptual synthesis of related ideas from the analysis to 
, tind patterns of consensus. It is important to recognize that the 
process of conceptual analysis differs from trend analysis in that the 
treatment of conceptual data is qualitative (normative) rather than 
statistical. Interpretations of the synthesis and refinements were made 
from a background of extended readings on concepts identified in the 
synthesis. Each of the readings, in the main, represented scholarly 
onterpretations of a finding and served to sharpen its conceptual con- 
text. These readings also assisted in raising the validity of the 
resleachers 1 interpretations. 

h preliminary statement of the findings was sent to 26 people, none 
associated with the research team, for critical . review. The reviewers 
were scientists, educators, philosophers, citizens, precollege teachers, " 
-sfihool administrators, sociologists, and futurists. Their comments 
aided m clarifying the interpretation of statements and the organiza- 
tion of the report. A substantial -number of the reviewers raised 
questions about how the conceptual framework would be implemented in 
curriculum practices- and in the education of science teachers. These 
are important issues, but they necessarily must follow the acceptance of 
a conceptual, framework as a basis for long-range planning. Our study is 
limited to the theoretical or philosophical aspects of science education 
that can serve in charting what ought to be done in reformulating sci- 
ence education practices. • 



Findings ^ 

The" findings are reported in eight arbitrary categories that 
represent a pattern of consensus about charting the revitalization of 
precollege science education. (The categories are reported later in 
.this section.) The study revealed that paradigmatic change's are taking 
place in the sciences and the scientific enterprise. This is illus- 
trated in the links that ha.ve developed between technology and society 
an*, their impact on basic and applied- scientific research. In schools, 
science teaching that does not recognize these paradigm changes can 
only drift more and more Into, a perspective that has only historical 
meaning* 

Less clear from our analysis, is the influence 'social and culturaK 
changes are having on- educational policy anbd notions of what precollege 
education should accomplish. It was difficult to distinguish in the 
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analysis between problems and issues of education in general and ) thdse 

pecular to science education* ' It was clear, however, that the shifting 

paradigm of science does have major implications, for precollege educa^ 
tion in the sciences • 



Making^Use of the Projective Synthesis 



The conceptual sy^the&ds is not intended to serve as a blueprint 
for the revitalization of science education. Rather, it fs a postulated 
educational positibn that reflects a paradigm shift .in' science as an 
enterprise. These changes are relevant to the content, rationale, .and 
goals for precollege science* education. It seems reasonably to assume 
that an education inj tl\e sciences sHbuld reflect the intellectual path 
science is taking. . (it fbllows, then, that' a first step in charting a 
/course for the revitalization of science education is, to examine the 
current status of science itself and its philosophical meanings for the 
teaching of science. ^The eight categories of findings in this report 
prov ( iie a base for deliberation in reformulating aspects of science 
education. From thesfevkeliberations, a rationale and broad goals for an 
education in the sciences should emerge that can -serve as long-range 
goals for curriculum restructuring, teaching objectives, and other, 
aspects of schooling^and teache^ educatian.y ♦ ^ 



Categories of Change 



A. 



* The Social • Context of Science and Technology . ; Scien.ce and 
/^technology are responsible for much' of the cultural uh^ueness of eon- 
temporary American life'/- They serve as agents of social and economic 
* changes and, in turn,, ara impacted by cultural changes. ^Individuals and 
th^ nation are increasingly asked to make * decisions that influence human 
well-being -and" the quality* of. life. The quality. of thf^e decisions 
frequently depends on people having an accurate under &|maing of science 
and technology) * which includes an understanding of 

Science as processes .for ge^eratin§ bodies of knowledge tfcat are 
* -science - * i) * « , \ K 

* . Tfie powers and limitations of scientific .methods and of scientific 
information > 

• ■ . \ • 

Thle social impacts of science and^technology. • » 

. • , •. T ■ . 

, ^ Sciencp and technology, each in its own way, influence social and 
cultural changes. "For more than a century, links between science and 
technology have become fused as a force in personal, and social affairs.. 
Typicalfy, precollege sci*ence courses* omit technological considerations. 
Science id taught as : if At had no connections with human affairs. In 
the* everyday* experiences of students; the primary contact with science 
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is through technology. Science teaching that recognizes the importance 
vof human needs and the progress of society stresses not only the impor- 
, tanceof scientific inquiry but also' the rational- use'of, technology.' 



Science and technology, through ..their extensive intermix and slcial 
interactions, have a direct bearing on the goals for general education 
in the sciences. This brings into questions science courses that /focus 
exclusively on the "structure of, a discipline," its' theories/ . and 
research processes and on courses in. which only problems internal to the 
discipline are discussed. The emerging paradigm of science acknowledges 
problems external to a specific discipline as a part of the scientific 
enterprise. The paradigm broadly includes scientific and technological 
problems that relate to human welfare and national interests/ For 
science, education, this presents ari alternative curriculum conteict with 
• a science/technology/society perspective. 

Science taught in a" social context .must be based on valii scien- 
tific information. An understanding of the processes, concepts, and 
interpretive principles of science is fundamental to the intellectual 
extension- of science to social systems. Equally important is to recog- 
nize what sciences, can and cannot do. 

. fr-a^es and .Ethics i n Science and Technology : The presentation of 
science and technology in a social context invariably raises value and 
ethical questions. These issues arise from conflicts in deciding how 
best to use, or .even, whether to use, scientific information or techno- 
logical developments for 'real-life purposes; value judgments differ! 
Conflicts also arise from differing perceptions of individual well-being 
and social progress. New knowledge arid new technological achievement's 
alter the, range of choices people have and this, in turn,. brings into' 
question .personal and social .values. Although technological innovation* 
may be of gr*at benefit to most of society, almost always there arl 
negative impacts for a portion of the public. As a pluralistic society, 
we must respect the value judgments -of each member. Onithe other hand, 
there are value decisions, such as environmental quality, that are the 
prerogative of the public. • 

k " 

The increasing- tendency of scientific inquiry to be influenced by 
social needs and the unanticipated \ponsequences of technological irinova- 
t tions carries a high probability of .inducing ethical and v^lue conflicts 
. both for individuals and for society generally. 'Questions about the 
direction science repeacch should take and the pursuit of new technology 
have become ethical, value, and sometimes moral issues. .These are not 
p-issues-to be avoided in precollege science education. ■! 

>~ ' \, 

In teaching about values in precollege science, the focus of 
instruction. is not to instill a particular set of 'values, but rather to 
encourage student judgments consistent' with validated scientific infor- 
mation and within the capabilities of technology, it is not expected, 
however, that two equally informed students will make. similar value 
judgments. „ ' ** . - 

The Utilization of Knowledge. a primary concern in all-" teaching 
has been the role of knowledge. Traditionally, a science' curriculum 
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consisted of a selection of facts, concepts, and principles organized 
into courses representing a synopsis of broad- disciplines such as biol- 
ogy, chemistry, physics, pr earth science. The criterion for the 
selection of the subject matter was that the information ^ was histori- 
cally representative of a discipline. ' The, essential task of the teacher 
was to see • that the selected package of inf onrfation was presented to 
students. Tests determined, what information was acquired. 

• There is a growing recognition that th£ measure of general educa- 
tion in the sciences is one's ability to 'apply knowledge wisely in the 
context of, intelligent thought and action. This means that*at least as 
much efforts in teaching shtfuld be given to the use of knowledge as to 
its attainment. The instructional task is one of developing the intelr 
lectual skills to- optimize the personal and social juse of information* 

, Linking a science ' as a knowledge-producing system with, society a's a 
knowledge- using system is the challenge confronting science education. 

Thece is a long history of studies- of knowledge creation, diffu- 
sion, an£ use. The links among knowledge creation, diffusion, and yse 
have not been a serious consideration of science fcurfciculujn developers* 
or educational- researchers. Questions ^bout contextual factors, levels' 
of generalizability, ways of using knowledge, effective levelfe of knowl- 
edge ^conceptualization or insight*, attitudes and, values Related to 
knowl4dge usev and other conditional variables are not fully .answered. 
It is clear, however, that the acquisition of factual 'information, by 
itself, does not assure one's capabilities for using knowledge. 
' ■ - . * 
^ The current emphasis 'on the development of information-propesping 
skills* in science education , stems from achievements in information 
technology. Microelectronic technology extends « the capacity of the 
human brain for information Storage and retrieval. The degree to which 
the vast pool of information' becomes meaningful to a s£uden£ re^ts on 
acquiring skills of information processing. Quite likely, the "dis- 
advantaged" learners^ o£ the near future will be those who lack ' the 
skills to exploit microelectronic information resources and to synthe- 
size the" findings. ;?V N • f 

Logical Reasoning and Decision flaking . To derive # new explana- 
tions, scientists -ure f theories or* models and intellectual* processes that 
diffet from those ,th£ averafge citizen needs to make use of scientific 

'information. It is important that students understand the intellectual 
demands for 'scientific inquiry and learn what, is. meant by reliable or 
valid knowledge. v Equally important for. nonspecialists is that * they 
understand how to* use scientific knowledge rationally in both personal 
and societal contents.. To be able to yse what is learned rtieans crossing 

'the barrier from learning to logical reasoning and .decision making. It 
also means g<^ng beyond, narrowly defined inquiry or investigative skills 
and calls fofc_interpretive skills that link^ science with the common 
realities of {life and living. 

T - ' * 

Processes for the use of scientific knowledge in a social context 
involve not only conceptual * skills but also consideration of personal 
and social .values and projections for action. Human problems involve a 
condition and an 'action, which lnay be a choice, a plan, a judgment, a 
* * * * . 
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decision, an answer, or^ a next- step. . Simply marshallf}^ facts, though 
essential, is not sufficient for decision making. An answer to a human 
problem is not* a byproduct of # information alope/' There are nearly 
always related ^questions r^what are the elements of probability, risk, 
uncertainty; cost, and benefit? Who wins and what do they -win? Who 
- 4 loses and what do they lose? / What wi lit' \6o • the Hips t good? What is 
^plausible^and what is probable? What i^ maximum and optimuin? What, is 
appropriate ana what is acceptable? t The decisions people make in trie 
* course of living haye qualitative and judgmental traspects as well -as 

cjtiantitative ones. ^ ' 

' . ' \ . - . 

Among the , conceptual skills needed for the application" of scien- 
tific and technological information are applied logic, analytical and 
<^ ^ inductive reasoning^ scientific problem-solving and decision-making 

techniques., 4 Students will need to know how to locate sources of infor- 
mation and how to recover, organize, synthesize, and evaluate knowledge. 
. These skills are best developed and refined by experience in solving 
problems and confronting issues in personal * and * social contexts. 
Although experience 'in finding answers to discipline-based laboratory 

* problems has > its values, the experience is not transferred easily to. 
scientific/social problems. ' 7 ' ' 

Thus, ,a central call for the teaching* of science is the development 
of logical procedures fpr processing scientific and technological infor- 
mation to make it possible lor the nortspecialist to use such information 
, ' in human affairs/ • * . ' 

g Career Awareness . The ^responsibility of the science' -teacher in 

providing career information is to alert students to the importance of 
. , communication skills such ^s mathematics, writing, r^sSing, 'and -a ge"n- 
a " eral ability for. logical reasoning. 'The content of instruction should 

\ acquaint students with vocational optid'ns in the scientific apd tech- 
nical fiie^ds, while offering them optimum opportunities' to develop 
^freely special interests ;in science, , What is not desirable is career • 
counseling that v assigns* students t to specific vocational -slots. ■ Achieve- 
ments in science and technology should be recognized as the .work of * 
people with appropriate education and training. - 

t *■ . 

* The% Organization of Science Course's . Tlje shift in the rationale 

/ • * of science teaching toward a repognitidn of thfe interactions of science, 

technology, and society carries with it ' implications for' the organiza- 
P tion of the science curriculum. .Underlying^ this«rationaie~is .the* belief - 

tfiat science teaching should relate to persistent,^ science7based soci- ♦ 
* . etal problems that* students are , lively to encounter, such' as population 
growth, management of natural resources and energy, t and* environmental 
qualfty.- These are also issues that have* scientific, technological, 
economiq, political, and ethical aspects. It ■ is likely that analysis • 
> of, and actions on, these/problems will require intellectual techniques 
. -and information from ^veral sciences, as' well as frojri other disci- 
o . plineS. t This- suggests thai: science 'courses' may *need to" bfe organized on 
a crbss-dlsciplinary basis. ' \ • . 

If ye texpect students to becqm^ proficient in using science ' 
* information to resolve scientific/social 'problems, we must' give them 
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opportunities to deal with such problems that are appropriate to their 
developmental level. To meet this requirement means that some parts of 
the curriculum must contain activities that require a search t for infor- 
mation, judgment of thought, and value interpretations. To acquire* a 
sense of social responsibility and a social perspective^ students must 
engage in* problems of concern to the community at Large. Experience. is 
also needed in actions of particular concern to the individual, such as 
health maintenance aijd the use of science and technology, for intellecr 
tuai enjoyment and for economic and political judgments^ 

A section of the curriculum should be organized to provide condi- 
tions for students to study scientists' conceptions of the natural -world 
and descriptions of common phenomena. By one means or*another, students 
should come. to understand something of the theoretical and experimental 
processes by which scientists came to know what they khow. 

. There is no need for a science course to be organized in the same 
way throughout the' entire school year. ,To be effective, each section of 
a course should be structured in a manner that is supportive of the type 
of learning desired. One phase of the course might be organized in 
terms of problem or issue, .another historically presented, and- a third 
discipline based. The traditional science course, organized entirely in 
terms of the cddif i'cation of factual information, • (a misrepresentation 
of science), is least likely tj> ^achieve an understanding of scientific 
activity, as w'ell as its .benefits and nis^s in .life. A conceptual f r&toe- 
work embodied" in personal and social themes provides .the organizational 
structure to give coherence to the science curriculum. 



Science Education; A Future Perspective . • The basic assumption 
underlying the. future perspective for science^education is that science,, 
technology, artd society ^re hot static. The very essence of science is 
the seeking of new knowledge and insights* .With advancements in seienci 
and technology come change in society and the character of our culture.! 
What these changes mean for life And living in the future is ^always 
'uncertain; the fact of change is not. — 

3 k , 

Historically, the- subject matter and. teaching objectives of science 
education have been oriented almost entirely to. the past and/ at best, 
to the present. ^ The tone of instruction \is "this, is what • scientists 
have learned," as though science were a closfed book. Seldom are lessons 
devoted to. what is not known, what might W a future direction for 
research on a problem, or what new technologies^ are likely to be spanned 
from research information at hand. Nor do most\studentsleave a science 
course with the notion ^hat-the world they are going^Kjio will be dif- 
ferent from the one they have been- studying. ^ 

A future . perspective to , science teaching Recognizes that most 
our existing social problems that are related to science and technology 
are likely to persist but under conditions different from thope of 
today* These problems. will be influenced by new discoveries in science, 
new. technologies, n$w -human insights, and unexpected changes m in the 
social system.* These' conditions, separately or together, will influence 
the students 1 opticnis as citizens and 1 the decisions that;inust be made to 
resolve jjisjunbtlons among science^* technology; ,arid s society. Within 
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limitatipns, the future can be planned and directed. It heed not just 
happen. Alternative plans for dealing with future problems,^ and the 
likely results of such plans, dan be developed from what is currently 
known about science and technology. Tfiis is the basis of environmental 
impact studies and technological assessments. The results of such 
studies provide information for determining a future action. » * 

A future perspective for science education focuses attention on the 
challenges raised by the powers of science and technology to alter, 
iritentionally or unintentionally; the basic conditions of living and to 
ntodify social' systems. In a broad, way, human beings now have the capac- 
ity to direct their own evolution through the way science and technology 
are manipulated. people survive today who in yesteryears, would . have 
died. The mismanagement of the environment can seirve to shorten life, 
or 4f£he same forces of Science and technology can be marshalled to 
improve the quality of life. . . . 

. A future perspective for science' education expands the goa^s and 
objective of science education. These extensions include 

Sensitizing students to expect change' and to anticipate change 

Recognizing that the future e of human beings and the guality of life 1 
are not capricious, . • • • 
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Enhancing the student's self -concept so tttat, as axi individual, he 
^ / or she' can use the .knowledge of. science and' technology to make 
decisions that -can lead tto & more *3esi sable world 

helping students to acquire capacities to cope With changes as well 
. 'as to shape* changes 

"Overall, «a "future perspective fpr education in science and technol- 
% ogy provides a means for students to learn their civic responsibilities 
as custodians of the future. Furthermore, it is expected that students 
will recognize that with change there are demands for more knowledge and 
that learning is an organic par,t.of life. A future theme in science* 
teaching is an effort to overcome the traditional passivity of ' science 
learning. V 

The Sciences: ^Methodologies and Generic f Concepts . A precollege 
^science/furriculum should include the essence of scientific methods 
^pl<pfea in special. branches of science such Vs physics. £nd biology. In 
addition, the student should acquire an understanding of the generic 
concepts that depict each 6f several science disciplines. The concepts 
to be taught should be those having the Wide3t potential for* use in" the' 
ordinary affairs of people. < 

• * 

In the study of science*/ students are expected to learn' about the 
^ T , significance and limitations of scientific methodolgies, how sci'entijEiQ- 
knowledge is advanced, and how science differs from other ways of "know- 
ing. The purpose is to comprehend what is meant By reliable or valid 
«r knowledge and the limits of * this knowledge. Equally important is an 

' ' -r • • 
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opportunity for students to become acquainted with common, phenomena, and 
how scientists describe these phenomena. x . 

) • 
By the "time students complete the secondary school, they should 
have an idea of what is meant by .basic and applied, research and techno- 
logical ' development. The purpose of this information is to minimize the 
false images -of science so common in the public. mind. 
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CHAPTER 3 
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DOCUMENTS RELATED TO THE CRISIS IN SCIENCE EDUCATION 
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Between 1970 and 1980 various citizen, science, and . education 
groups analyzed the crisis" in science teaching* Most such committees 
were more specific in isolating apparent causes of the crisis than in 
suggesting remedies* Following are summaries of published committee 
reports , on problems and issues in science teaching in the United 
States. 

I. Science Education : Accompl i shmen ts and Needs . Washington, 
• D» .C. : National Science Teachers .Association, *1978> pp. 1-60. 
Factors perceived 'as related to the crisis in science teaching: 

Decline in student population 
Increasing diversity among students * 
Decline in local and national funding 

Loss of public confidence in science and public education 
Decline in science course enrollments 
Unfavorable student attitudes toward schooling 
Science curricula unsuited to current needs 
Inappropriate preservice and in-service teacher education 
Unionization of teachers * ' 

Mandated accountability 

* II. * R. E. Ya{)er (Ed.^. Status study of graduate ' science education in 
the United States , 1960-1980 * Final Report. Iowa City: Science 
Education Center, University of Iowa, 1980, pp. 91-116. 

Study A . Only sections that refer to precollege science educa^ 
tionare reported here. * One hundred fifty college *and university/ 
faculty members, representing nearly all the science, education/ 
research centers in the United States, identified t the following 
factors as contributing to the * crisis in precaAlege science' 
education; 

General anti-science tenor in the United States • 
Declining enrollments , in science courses' 
T "Diminishing financial support * : 

»j Lack of leadership in science education ' 
Lack of a theoretical base to guide research „ . 

Poor quality of teacher education programs 
Inappropriate school science curricula 
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Study B , This study s included precollege science teachers, irv- 
service supervisors, department chairpersons, graduate students Jh 
science, and - college science educators (N * 150, 30 in each 
category). The respondents listed the following factors as con- 
tributing to the crisis in science teaching: 

. ' A . 

.Confusion about goals and objectives ** 

Lack of vision and leadership in schools and universities * 
Public apathy toward science 
Limited budgets 

Poor quality Qf teacher education • - * 

Limited scholarly dialogue between educational researchers an£ 

practitioners t » 
Dedlining enrollments ' «■ 

Lack of a theoretical base for education in the sciences 

A national agenda for the eighties . Report of the Presidents 
Commission for a- National Agenda for the Eighties. Washington, 
D. C: U. S. Government Printing- Off ice/ 1980, p. 48, Contribut- 
ing factors to the crisis in education were ide{fE*fied as follows: 

-One reason fot some 'of the public school's difficulties ilTthe 
absence of planning for future demographic and social 'change" 
(p. 85). 

"The fractionalisifi that engulfed public education during the 1970s 
yas not conducive to learning or excellence in the public schools, 
nor was it healthy for the scientific, technological, and econqgic' 
growth , that is stimulated by. a thriving educational 'system" 
(p: 89). * • . 

National Scieritrk Foundation, Office of Program Integration* what 
arS the needs in pre- col lege scierfbe ,' mathematics , and social 
science education ? Views from the field . SE, 80-9 • Washington; 
D. c. : Government Printing Off ice, 1980.' The .National Science 
Foundation obtained reactions from nine different science,*"educa- . 
tion, and citizen organizations*^ their views of the status of 
science "education^ after reviewing the results of thre^pational 

Purveys of science teaching.- Reactions frbm these reviewing groups 

-include: - • 

"Secondary .school science education seems to lack a sense of direc- 
tion and a theory and philosophy which should provide**gui dance to 
curriculum development and instruction. What '<students"should learn 
also remains unclear 11 (p. 67). 

"It: seerits doubtful tfcat there h^s ever been a time in which there 
was so much uncertainty about the purposes .of education", (p. 67). 
A further examination of -the goals and purposes of science teaching 
is, needed (pp. 50,75,176) especially in terms^f what the nonspe- * 
ciajList needs to ki^w- (pp. 98,68,130,159). 
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"-The school climate under which teachers are working is less favor-' 
able to the pursuit of excellence than it was in the latter part of 
the 1950s' and most Of the 19,60s" (p. 9ff) V * * 

"Although the.'retum to the basics' "has shifted into high gear in 
school systems throughout the United, States it is paradoxical that 
this "actiyity" has been accompanied in foany schools by an increased 
molecular ization of the curriculum into disetnbodied learning ^objec-. 
tives, the achievement of which is usually indicated' on.. .tests 
(which) emphasize the most superficial aspects oj? learning.^." (p.. 
93). Lack of-^teacher preparation (p. 203), the misassignment of 
teachers (p. 75 )* and the lack or weakness of in-service programs 
were recognized, (pp. 43,65,182,145). 

National Assessment* of Educational progress. * Three national 
assessments of ( science : ■ Changes in 7 adhievement f "* 1969-1977 . 
Denver: Education ^oirahission of the States, 1978. This . study 
revealed^a decline in scores from one test period to the* next with 
-the largest drop in the physical sciences. The smallest drop was 
. junior high school science. (See Section II of this report for 
details. ) *' f 
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E'. J. Qgletree. The status of state-legislated curriculum in the 
U. S. Phi Delta Kappa n , 1$79, 61, 133-135. One indication of 
the low priority of science in the school curriculum is the small 
amount of science mandated by a state for all students. A survey 
of state-legislated curriculum requirements shows: 

* • * 

Half of the 50 states require at legist one science course at. 
some grade level between kindergarten and high sfchool gradua- 
tion; five states require two or more years. In seven states 
the mandated qourse is physiology; 

Eighteen states mandate one or more courses in health . and 
hygiene and fOT five of these states t^ese -courses are the 
' only s.cience requirement. ' > 

Local school systfems— frequently require more 'science course^ 
than^ tho^ mandated by the state. " Universities typically 
require two years of higji school science for admiss£p*vr^ 

P. S. George (Ed.).' The middle school : v A jlook ahead . Fairborn,. 
Otfia: National Middle School Association^ 1977. An interdisci- 
plinary panel reported factors likely to influence the future of 
education in 'the middle schools of trie United States and made, the 
'following predictions*^ . - 

« 

"The percentage of American children living in poverty will 
increase ♦ J 

"Family^ expectations, attitudes, and aspirations, tbward students' 
education will tjecline. • ^ 

• • » 
"The self concepts of students w^ll become' more> negative. 
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"The general ability of students, as measured by IQ tests, will 
decrease. 



"Student motivation will decrease and attitudes toward school will 
become more negative. 

"The students 1 sense* of control of their own 'fate will decline., 

"Peer group ^expectations, attitudes, and aspirations toward school 
will become*more negative. w 

"Teachers will expect less and less ia terms of performance from* 
their students. * v 

V 

"Teaching, how the teacher actually carries. out the .tasks of teach- 
ing, will- get better. 1 



; 

"Leadership styles .and organizational climate of schools will get 
* better" (p. 156). * 

Correctives for some factors were seen as a possibli'ty if the 
educational community can be mobilized. * j 

National Commission oi) the Reform of Secondary Education. The 
reform 2L secondary .education . New York:' McGraw-Hill Book Co., 
1973* This study surveyed "panels of superintendents,, principals, 
teachers/ parents, and studehts representing a mix of urban, 
suburban, ■ and . rural populatidns" regarding national- goals for 
education. * v , 

• . i * 

"There is very little disagreement amdng the four groups. polled on 
^the desirability of the goals, the responsibility -of the schools 
for achieving them, or the levels o'f success of recent ^graduates; 
Parents, much more than anyone in the schools, regard computation 
skills as '"essential 1 ; teachers, mudh less- than any of the others, 
regard occupational competence as essential;* parents and studerits 
are less likely than the others to say that knowledge of self 1 and 
appreciation of others 1 are responsibilities of the schools. But 
,even in this area, agreement is more common than * disagreement" 
(p. 31). „ . % 

University of Southern California, and Sutherland Learning Associ- 
ates,- Inc. Science education for early adolescents ; A needs 
assessment and feasibility ^study . Los .Angeles: University of 
Southern California, 1979. Parents, who were members of school 
advisory councils .associated with- junior high, schools, were asked 
to react to the teaching of science. A digest cf these discussions' 
shows that: - - *0 

"Most parents* are not particularly concerned about the science 
ec^cat^Jn of tfieir children." $ 

• * * 
"Science -education should" be practical. It should equip students- 
with tools they can use in coping with^ the real world." 
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"Most children are not interested in science, and the schools must 
shotilder much of the blame." % ~ 

Science^ instruction ignores the fact that junior high school stu- 
dents "are full of curiosity, wonder, and fun.* 

Science instruction would be of greater value "by making students 
aware of 'career possibilities and the preparations necessary" (pp. 
50-51). * - 

F. B. Evans and J. A. Harmon* Opinions of Wisconsin citizens about 
educational goals. . Phi Delta Kappan , 1979, 61, 131-132. The 
investigators randomly selected 444 jadult Wisconsin citizens and 
interviewed them for "opinions on 18* educational' goals and "the* 
emphasis that should be given to them in schools. To "know about 
recent scientific advances and understand how our ways of living 
are affected by them" was rated an important ■ educational goal by 
76% of the citizens interviewed. Forty-eight percent of the citi- 
zens thought this goal should repeive more emphasis. Though, in 
general, there was a favorable attitude toward science, the goal 
was ranked 17th both in importance and in terms of, the need for 
more emphasis among the 18 educational goals rated. Some of the 
stated educational goals that could be achieved through science 
such as "enjoy our natural environment and want to protect A* and 
"be <aljle to think for themselves" were rated above 90% in impor- 
tance, and above , 70% as needing much more -emphasis in schools. 
Citizens tend to view the importance', of educational- goals in terms 
of their meaning fbr the practical affairs ^ of lif 4 ^and living 
(pp. 131-132). ' ' • # . f 

J. I. Goodland, K. A. Sirontnik, and C. Overman. «£n ov§cvie\i of 
a" study of schooling. Phi Delta Kappan , , 197$, j61, 174-178. 
Observing directly what goes on ' in schools combined with the 
reactions of those associated with .schools (parents, students, 
teachers, central office administrators, school board members, and 
honteaohing staff members) can serve to provide some insight* . as 
well as generate thoughtful questions. This project, ^had these 
characteristics. \ Some of the findings were: ^ 

A. M. Bentzen, C, Williams, and p. Heckman. A 'Study of schooling* 
Adult experiences in schools. Phi * Delta Kappan , 1980, 61, 394- 
397. Over 75% *of the teachers were satisfied with the organiza- 
tion, type of leadership, and •decision-making policies pf t the 
school. However, only 12% agree strongly *with this position. Less 
than half of the secondary sfchool teachers with inner-city assign- 
ments thought their jobs were moderately or strongly satisfactory 
(pp. 395,397). x . { 

B. tf. Benhan, P.* Giesen, and J*. Ofckes. A study of sch6oling: 
Students' experiences, in schools. Phi Delta ' Kappan , 1980, 61, 
337-340. General stydent self-concept shows small gradual 
increases from one grade level to the next; peer self-concept 
remains fairly stable; and academic self-concept scores show a 
slight downward trend as a student progresses through the grades. 



Students who plan on some form of higher education have higher self- 
concept scores^ (of all types) thefy those who* plan to quit school, 
just-finish high school, or .don 1 1 .know (p. 338). 

* • * ■* * * 

M. ^F.. Klein, K. A.*Tye, arid J.<E. Wright. A sftudy of, schooling: 
Curriculum. * Phi Delta Kappan , 1979, 61, 244-248. The goal s^ of 
schooling (intellectual, social, personal, arid ^vocational) were 
\ studied* as. dne aspect of the 'curriculum. Approximately 50% of 
parents and teachers 'stated the intellectual goal should be empha- 
sized; next, personal /goal? (3Q% parents and 20% teachers); 
followed' by vocational goals (20% parents and 10% teachers) ; and 
social goals were ranked evenly by parents and teacher (pp. 245- 
246} . Although" there was a great variation from school to schdbl 
"on 'the average, parents, teachers, and students ' are fairly well' 
satisfied with the curriculum, gt de'ast as they perceived it" (p. 
246). Teachers' at all educational levels judged curriculum materi- 
als as appropriate" for about 75%" of their students, except in 
Schools serving predominantly Hispanic or black students where the 
rating dropped *fco 50% 4 (p. 247). 

Science education for the 198,0s . Washington, D. C. : National 
Science Foundation, -1980., The -Advisory Committee for Science 
Education of tl\e National* Science FoUndatidn, in its report to the 
National Science Board, noted that 41 "at the very time that the 
strong federal effort' ip support of science is. s having its'tnajpr 
impact, education of our citizenry to understand and cope wit^ this* 
impact is declining in effectiveness" (p. 1} . • 

4 • 




3,302 



CHAPTER 4 ' 

IXX^JMENTS SUGGESTING perspective and directions 
FOR PRECOLLEGE EDUCATION IN THE SCIENCES 



* Ijua report developed for the National Science Foundation *by' the 
National Acadeifty of Sciences-r-National Research Council , the foli^ing 
purposes for the teaching of science were recognized (1): j 

"Knowledge is a value in itself §s £t serves* to expand the world 
view of the leaph'er. 

* * 

"Knowledge may be useful by helping the individual to live 'in, 
greater health and happiness, and ever? to survive better in a 
^competitive society. • 

"Important economic and social values are involved* Citizens with* 
knowledge of science and mathematics are necessary for a healthy 
economy an<^ for future progress; and intelligent actipn on many 
public issues depends upon understanding tbS^r scientific and 
technical content. ^ 

"The efducation may be preparatory to; a professional career in 
science or one of the technical professions (p. 98-99). - v 

s * • < 

The k conanimee specif icalt^ recommends that "knowledge useful for 
one f s own well-being* and knewledge useful for good citizenship" need to 
be emphasized, as well as*' information on career awareness, as new sci- 
ence curricula are "developed. • * . 



i 



In a joint report prepared by the National Science Foundation and 
the Dfcpartm^pt of Education, it was proposed th!at (2) : . . 

^rtie^Soals of science teaching should esffe^nd «beyond "scientific and ^ 
technological enlightenment, to include^ social, political, and 
economic' considerations. * \ 

* * ^ * 

Precollege science courses should be more "directed toward personal , 
or societal proCLems involving science and technology," providing 
"students with 05 better basis for understanding and dealing with 
the science and technology tHey encounter as feitizens, workers, and 
private. -individuals^— ^; 1 " ^ 

>ij 305, * oj 



There is a need "to prepare students to understand and use, the neW 
electronic aids to the hunfan mind." ' - 



45 



, ^ "The curriculum should aevejop a better connection of science and 
» mathematics with the future needs. of Students." 

, « » s . * '• <«, 

/ Courses^ should- include information onjcareer awareness of opportu- 
nities in science and technology. > * • 

Curriculum materials should be developed thatf "focus on the science 
and technology basis of essential, national problems such as energy, 
natural. resources, and health." ■< • r> 

•f ' • . , ' 

Curriculum materials are needed "with a special emphasis on the 
. special needs of minorities, women; and. the" physically handicapped. 
Thls 18 specially important for "students in the middle and junior 
high schools" (pp. 3-7,45-51). •., " 

Science Education for the 1980s , a: statement to the. National 
Sciences Board by the NSF Advisory Committee for. Science Education (3), 
includes suggestions that new perspectives are needed for the teaching 
of sci-ence that: 

F * * • ' . / 

... ..Respond to , the "new problems in the chahging relationship between' 
sc 1 ^ a»5 technology and the larger society" and make it possible 
for citizens to understand their role in modern life as well) as 
facilitate the use of science and technology i& matters of personal 
choice and public policy (p. 7) ' * { 

.Emphasize science career awareness that relates to the special 
needs of the, gifted, women, and minorities in science (p. 9) 

Throughout the report there is heavy emphasis on the need to^ include the 
study of technology. along with, science/ 

The National -Science Foundation (4) panel report- on early adoles- 
r^-w? nS 4 = the , f ° 11 . owln 9 PerspectivesTand recommendations for the 
reformulation of science teaching in middle and- junior high -schools: 

A curriculum, oriented to the real world of life ahd living of early 
adolescents " ■ 2 

A wider use of out-of- school learning resources to' extend 'an appre- 
ciation of science * 

Special efforts to provide students . wi£h opportunties to becom 
aware of careers* in science 

A greater integration of science with other school subjects such a 
mathematics and social studies^ 

< .Greater opportunities for critical thinking and social interaction 
in learning 1 
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A change in curriculum context from that of discipline* tfo 'acien**- 
\ V *tific/social problems and issues. * 




x ^ 1971 report of the Advisory Committee for Science Education of 
the National Scifejice Foundation made recommendations for the future, 
'"course of science education (5). The report stresses one overriding 
goal: \"To educate scientists who wil*' be at home* in society and to 1 
educate a society that will- be at home with science" (p. 21). Other • 
educational recommendations with goal implications are: 

4 "Increased empha'sis on the understanding of science and technology, / 

by thope who are not, and do not expect ^° professional scien-r ■ 
tists and technologists'^ «v \^ 

A shift, in part, "from the traditional discipline orientation to 

interdisciplinary approaches centered upfcn problems faced by 
informed citizens" 

An extension of science education to include out-of-classroom^l?*^ 

resources such as museums, traveling exhibits, films, amateur 

science, television, newspapers, and magazines 

■ 1 - * » " . - 

* * - r 

A "Second /generation" of curriculum development that is more . 
"genqinely problem-oriented 4 rather than discipline-oriented" 
(pp. ^1-26) 

• The committee saw* the need for "a larger common body of knowledge 
and experience which i& "shared -by all our citizens," a strengthening of 
career and vocational^experience in the sciences, a consideration of 
the social relevance of ^science, and innovations in -science teacher 
education. * i 

\. ■' '•• •- ■ ■. 

The' National Academy of Sciences, in a series of Academy Fdr Urns, 
.considered the? following 1 issues to be*$f central * importance as perspec- 
tives on citizens and science, and on scientists and society in the 
current^of history^ (6). ^Major issues identified that could have implj.-. 
cationp for a general" education in the sciences were: - 



Scientific theories and social values "" * . 

The 'citizen ana the expert ' * / a 9 

The use of knowledge: frontieV expansion or inward development 



y ... \\ , \ 

In 1980, the Rational Research Council sponsored a series of panels 
on educational polipies in science and engineering (7). Implicit in the 
discussion by panel members was a recognition' of the interconnfectedness 
of •science/ • technology, society, » the ' economy, and education for the 
natioh f s well-being and security. Progress in. ^science and technology is 
vital to the quality of life and welfare of the nation; The full use of 
humfcn resources (women, minorities, handicapped, talented)^ must be 
marshalled to advance science and technology. The education^ystem must 
assure' in our population:^ 

$ , * . ' . i _ „ , 
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A bkoad gra^p.jdf.. basic mathematics, science, and technology among^ 
, v / the general citizenry, and the technical skills needed for economic 

productivity among our workers * , 

A hi 9h level of scientific literacy including a familiarity with 
scientific concepts ,and the tools of technology for understanding 
9 \ the world in which we live and to make decisions that are affected 

^ ^ by scientific and technological development 

People with sfcills in data analysis, logical reasoning, and 
problem-solving, backed by scientific training 

The science curriculum must be responsive to changing social needs, 
v student interests, and technological developments. A basic knowledge of 
science is essential for understanding the consequences of discovery and 

* . for making informed decisions on science and technology as they are now 
'< • a P art of the political process. Career awareness v and basic preparation 

m% - for scientific and technological vocations are recognised as essential 

* ' objectives- in the teaching of science. 

* . A 1971 report of the Joint International Conference of the Ataer^kn 

Geographical Society and the American Division of the World Acadeity^f 
Arts and Sciences stressed the importance of connecting scientific 
"knowledge with public policy (8). This will require a "plenary ' flow of 
^curate knowledge," including all Aspects of scientific knowledge and 
sbcial processes .likely to influence the social character and decisions 
. alraut the* future of 'all hun^ns. . . Knowledge "is viewed as ineffectual 
unless means, exist for bringing it into use. The knowledge needed in a 
chahging society will require continuous responsible reviewing, renew- 
^ ing, ^and innovation recognizing there is an. ? inexorable progression in 
* .the adaptation of knowledge for the; improvement of life (p. 601) .' This 
means equipping students with the capacity to learn (p. 599)'. The 
report stresses the importance" of interdisciplinary considerations of 
science, the global nature of scientific/social problems, and the impor- 
tance of skills in decision making. " 

An American Association for the Advancement of Science committe, -in 
reviewing the broad picture of precollege science education, "stressed 
the importance- of understanding .the science and technology that bekr 
upon the human condition" (9)." \ ■ 

The commission ' "for a National Agenda for the Eighties based "its 
education recommendations on the , themes of equality, competences and 
excellence (10).- The ^commission recognize^ that • the changing world- 
order challenges the conventional expectations about, the future of 
science and technology (pp. 155-156). The most important. issues on the 
» ^ agenda for' the eighths occur , at. the interface of science* technology, 
. and. society (p. 157). The' desire of the citizen for more participation 
in science and technology policy making will require installing in the 
, ♦public some basic knowledge 'about what science- can and*cantto\ do, and 
. . * the limitations of expert opinion. 
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"Conceptual skills such as logical reasoning, problem solving, and 
analytical .thinking must be developed throughout the citizenry. An 
awareness of # the realities , of probability, risk, and uncertainty will 
also be critical in understanding options involving the development 'and 
implementation' of the technologies of the future.... In this regard, 
•taking- risk^ for, society as* a whole should' once dgain be acknowledged 
not only as acceptable but also as necessary for social progress" 
p. -159) . * -v 

The effects that discoveries in science and technological innova- 
tions are having on' society are^ increasingly complex. They artf altering 
social values as well as public attitudes. The interpretation of infor- 
mation iq^a sciehtific/societal content involves ultimate policy and 
value judgments. "At each point in the decision-making process, the 
basic value questions and the , trade-offs involved need to be dealt with 
directly" (p. 112) . , 



The National Science Board* (11) points out the importance of 
advancing general scientific knowledge as a means of dealing with major 
problems facing the nation and the world, such as population growth, 
health care, .food supply, energy demands, mineral resources,- climatic 
changes, and environmental alterations." "Principal attention, however, 
is focused on the new challenge posed by man's increasing power to shape 
the future, to mpdify, ^intentionally and unintentionally, the basic 
conditions of life" (p. 49). 

v Science and technology cannot solve scientific/societal problems 
alone; "a broader a>mm^tment x and larger, strategy" are. needed. "The 
principal role of science and technology is to^provide better options 
than are now available for meeting these ' problems*? The task- is one of 
"improving the understanding of interpersonal, institutional, and^social 
problems, "and developing *and gauging the success of alternative 
approaches for alleviating them." This will require that "knowledge from 
the diverse scientific disciplines be synthesized and fbdused 'on the 
complex of problems identified. .. .Such integration could sharpen the' 
understanding «tof the interactions among the problems, heip to* identify 
knowledge gaps and priorities for filling them, and suggest directions 
for attacking the problems which would neither aggravate related prob- 
lems nor create serious new ones" (p. 5Qr51). 

< 

The report of. the President ' s Commission on Government and tfie 
Advancement of Social Justice (12) states that the "essential mission of 
the school is to give Students the basic skills and social experience 
required to become functional and productive citizens in a democratic 
society" '(p. 76). General recommendations of the commission include: 



More ^real-world experiences for students m * , 

ew up-to-date vocational programs 
A broader involvement with -learning resources outside the schools 
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More attention to the processing and transmittal of inforn^ition 

Equal^ educational opportunities with the meeting of special needs 
of individi»als * : .\ * 

: > 

"The talents of promising a6d fiighr achieving students must be g^ven 
full scope" (p. 87). 

"The middle school would offer a rigqpous completion of basic 
school training and a ,,s^nmon knowledge of* history, global studies, 
future studies, ana human gelations" (£. 91) . ^ "A core of knowl- 
edge" plus "community-based, -ac.tive learning" 

^Students • should be promoted on* the baSis of "mastery of subiect 
matter "* * . ' - « 



0 



The panel- recognized that "financial, structural, and progranpnatic 
changes^ are necessary but* not sufficient to remedy the, problems and the 
malaise in public education** (p. 102). • * 



A 1970 Educational Policy Research Center leport (13) isolated the 
dominant problems in the world that hav£ 'been brought about by a combi- 
nation of Rampant technological application and industrial development, 
together with high population levels. If these macroproblems ^re toJ>e 
resolved, educational efforts must,* directly or indirectly, be "focused 
on change. Change might talce place in /Several directions that could be 
described as alternative futures. -A framework or education orieftted tp 
thinking about and coping with an uncertain future would differ markedly 
from traditional educational roles and ^practices. It ,woulcl require a 
trTansdisciplinary, problem-centered curriculum? a • strong emphasis on 
inquiry training; t and a reconsideration of basic premises, values, 
attitudes, beliefs, .and perceptions. ~ The knowledge base *Would need to 
be relevant and Oseful. /An r educatiort for change requires that the 
learner • develop skills essential to -provide a continuing access to 
knowledge. Tire management of knowledge in dealing with problems 
involving humans will require traijiintf in ecological thinking and an 
appreciation of human diversity. 

The Exeter Conference report was formulated by 38-secondary school" 
science teachers from throughout the United States and ten specialists 
in science after a week-long consideration of the "crisis in science 
education" (14). -The conferees were unanimous in recommending that 
societal • and ethical consequences of modern' science and technology 
should be^a part of the science^'curriculum in schools. u 

• * 
Project Synthesis, a two-year< stqdy of the ".countenance 6f science 
education," based on the three national status studies of science teach*- 
ing .supported by the National -Science Foundation, resulted in the 
following\recorranehdt^i6hs (15) t 



*A major redefinition and reformulation of goals for science educa- 
tion; a new rational e\ a new focus, a new statement of purpose are 
needed. These new goals must take , into account the fact that 
studfents today will soon be operating as adults in a society wfii'ch 
is even more technologically oriented than at present; .they will be 
participating a^ citizens in important science-relat'&r Societal 
decisions. Almbst total concert for the academic preparation goa1§|^ 
as is currently the case, is a limiting view of school science.. 

"A new conceptualization ^ of the science curriculum to meet new,., 
goals,* redesigns o£ courses,* course,* sequences/articulation, and 
discipline alliances are needed. The new curricula should^fnglude 
compohents .of science not currently, defined and/or used in schools. 
Direct " student experiences, technology, personal and societal 
concerns should be fogi" (pj 129)? . 



"The inyolveitient • of ethics and values^ in the practice ol^scienc^ 
and technology. is the renewed and growing ^concern of a variety of; o 
scholars "and practitioners" (16, p.v). .This trend has implications* for 
science education in schools. To the present time, the issue has 
received more ^attention at the college and university levels. # The 
results of a national survey to determine^ the extent of academic 
activities in the field of • science, technology, and humaV values in 
institutions' of higher education revealed that courses or programs were 
offered in 919 colleges or universities' (p. 182). In^ddition^ courses e 
or programs related to science, technology, and society; environmental 
concerns; health care; and contemporary moral . and". ethical problems 
related to science and technblogy were offered in 879 higher ^institTu- 
tions (pp. 185-202). These results a$e from 2/000 completed*' 
questionnaires. * , V 

•* 

The general concern about issues of science, technology, ^socieffcy 
and associated value, ethical, and moral questions is widespread 
throughout, colleges and universities. - These issued are considered in 
^.courses found in departments of engineering, social sciences/ physics, 
.history, English, communications, humanities, biological sciences, N 
anthropology, chemistry, philosophy, economics, pblitical science, urban 
affairs, psychology, medicine, allied .health fields, astronomy, computer 
science, geosciences, religious studies, law, business, geography, and 
agriculture. Some schools created special departments or - organized 
inter4iscfplinary programs identified as ""science, technology and soci- " 
etjr," .^environmental studies," or "general studies" to teach the new 
course (pp. 33-35). - - * 



The National Science Teachers Association has taken the position 
that the teaching* of science should make a difference in ? the lives, of 
students and the<quality of the environment (17). If citizens arfe tcTbe/ 
literate in science they must be- able^ to understand and use the knowl-* 
edge, methods, and' attitudes of science for coptthg* with and resolving 
the many problems and dilemmas in Contemporary society, both personal 
.and social: * 
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uience and technology and the venture of faith" ( D 21) cMon, fl J^, * 

- technologic are seen a<? nr<H«V* ^ 7 v. p# ,# Scien ce and 

. , *een as critical to improving the- oualitv olF Hf P 

- IMS *S 1 - ot « post-modern society^ character ized hv a u^ui £ , 
cSfj*,n^ t t n0eA L° h f ld9y - baSed socii ' 1 a " d «°"="1° probllS were 

achieve a consensus on th^W several e "° rt WaS made t0 
t . ... 3i • issue, several ideas were-> rernrrotrt- «»«. 

tedhnolpgy frequently derive from tLlitLi * f ' those • of 
external afifairs" (p 105? 1 7 ' ., e f onomlc ' and other ' 

justification intrinsVc unto i tse lf ff, ' "V* ° f m ° rallt y and ' 
relation to outside ^AueT ^lfLnf! 1 ^ 1 ^ 0 ^ judged ln 

large.- ' ' he leaSt ™ de «tood by. the public at 
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The deliberations reported in the volume on -modew' technology" 
published in iedalus note that many public discissions ^ technology 
are more appropriate to the nineteenth century than to the twentieth 
(20) Oldef views of technology focus more, on machinery than on system 
A modern view insists "\hat it be thought of >not as a collection of . 
attracts, however sophisticated and. complex, but as a system whose 
^irc ltural ^ejectual ^^^^LSSX S 
315^3^ ^ science" £ t^hno^H more complexly intert^ea 
San often imagined. "The connections between science and techn^ogy 
have become increasingly strong in the modern era of systems development 
and application" (p. 81). ^ / 

Advances in' technology very often bring about a reexamination of 
human values, influence our "evolving economic design," foment changes 
iT professional education, and open new possibilities for scientific 
achievement. "It is worth noting that the- con junction of technology and 
human desf/es represents a fundamental meeting between the natural law 
and the reaches of the hum£n mind" (p. 177). 

*^ * 
' * A n international organizaton of scholars in several social science 
discipUnes examined "the social and policy dimensions of science and. 
technology" - (21). The group recognized that, while studies of- the 
interaction of science, technology, and society have yet to form a 
coherent discipline, they do have a .background of serious /academic 
Wry "Never^Ufore. have* the economic as well as the social and 
ecoWcal consequences of scientific discovery and technological mno- 
vSioTbeen so influential upon the fortunes of particular nations and 
uoon ^he entire Lid system. Scientists and technologists have there- 
roTe become important contributors in the quest for economic growth and 
securi^,' " and for, the" alleviation of disease, poverty and over- 
population" (22). " - ' 

Science has become "a part of social policy, .and technology apart 
of scLntific -policy.'' These new ' relationships fcave_ brought^Sbout 
efforts that cosine the solution of practical problems with the. p>bg- 
ress of basic, knowledge in, the sciences, . The links between^ soc^l 
processes and scientific knowledge, anyhow each system influences the 
S are generating, new perspectives, about .the P.race of science in 
Sie^. The new emphasis in technology is how tt> 

responsive to human needs, The grWng importance of the forces of 
scienc'e and technology in changing structural trends in society and 
politics is not to be overlooked, • - 

£ \ 
The interaction of science and -technologyvwith human- valuesi is 
where some of o ur more pressing problems arise as Ranges »e?kimulfted 
^ huma" . oologies and" social norms, ' "The central' J^^^ 
controlling technological change and setting priorities for the\ftf:ure 
Shopmen? of science and technology is choosing between (such| /cOn- 
flicting and incommensurate values" (23). , / // 

Sociotechnical achievements have served to extend human ^p4% es . : 
for* example, transportation and . communication systems. 'Economic, 
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political/ and social issues are associated witJi^advance^s in technol- 
ogy 3 . Technology is a distinctive form bfs6ultur|i activity with its own 
character and processes. Because technbiogy^crdates new social arrange- 
ments, ' new forms of culture, and—tftfough culture—changes in human 
- values, it is essential that it be studiecT^f rom a cross-disciplinary 
perspective. • { 

m Edocation for a New Millennium (19S1) presents a composite ^iew 
of, 132 international scholars on the role o% the future in educational^ 
planning and in curriculum development \ (24) . tfhe focus of "the study was 
to identify the content of general education likely * to be suitable for 
the next, two decades.! The central question* was "how t^cbpe'and improve 
, our present levels of^ thinking and acting, rooted as they are in a world 
in which traditional w^ys of- thinking ' and acting often are -neither 
adequate nor *relevant" x (p.' 31) . % i 



The source pf ^"curriculum content for *the' future should £e influ-* 
enced by the concepts that natural and social scientists believe people* 
^ of every age must understand- (pril8). m the natural sciences, some 
of these basic concepts identified were (pp. 33-47)-: 

"The doctrine of limit's^ the need to conserve" 

"The ecological concepts of interdependence fdund .in nature, 
including human interdependence". - /' 

• "The threat of ecocide" (destruction, of the earth) ♦ ** 

"Entropy and conservation" ' 

"The dangers of explosive population growth" 

■* 

"The' scientific- method" and need to recognize its limitations ' 
"The concept of evolution" / ' 

. "Thje unity of nattire" * 

"Photosynthesis,^ oxidation, and copies in nature" 
"The particulate nature of matter" 
Resources and the conservation of energy 
Probability, in order to 'make rational decisions*. 
"The conservation of energy" 

The assumption*" was made that scientific knowledge, to be useful in 
^decision making, must be at a conceptual level. The majority of con- 
cepts ^ have , an interdisciplinary "thread" with links to other natural 
sciences and oCJten to the social sciences. ' ^ 
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The information overload in the sciences and the enormous produc- 
tion of new information means that procedures for , lifelong learning and 
rational .and methodological approaches to handling knowledge must be^ 
^developed (p. 46!). "The goals of instruction, insofar as possible/ 
should be modified to reflect the images of the probable future" 
(p. U9). 
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